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PREFACE  TO  FOURTH  EDITION 

The  continued  rapid  development  of  the  many  phases  of  biochemis- 
try, which  has  taken  place  in  the  interval  of  two  years  since  the  las- 
edition  of  this  volume  appeared  has  necessitated  a  rather  comprehen- 
sive revision  and  the  consequent  inclusion  of  considerable  new  matter. 
The  main  bulk  of  the  material  will  be  found  in  the  chapters  on  Enzymest 
Carbohydrates,  Proteins,  Blood  and  Lymph,  Feces,  Putrefaction  and 
Quantitative  Analysis  of  Urine.  The  publishers  have  wisely  reduced 
the  marginal  space  of  the  page  thus  necessitating  but  slight  increase  in 
the  size  of  the  volume. 

The  author  wishes  to  express  his  gratitude  to  Professor  William  J. 
Gies,  Professor  Lafayette  B.  Mendel  and  Dr.  Thomas  B..  Osborne  for 
many  valuable  suggestions  for  the  betterment  of  this  revised  volume. 
He  is  also  under  obUgations  to  Dr.  Martha  Tracy  and  Professors  Mar- 
shall P.  Cram,  Paul  E.  Howe,  E.  C.  L.  Miller,  Charles  J.  Robinson  and 
A.  P.  Sy  for  similar  offices  and  to  Messrs.  Olaf  Bergeim,  Lawrence  T. 
Fairhall,  Edwin  F.  Hirsch,  Melvin  A.  Saylor  and  Theodore  F.  Zucker 
for  assistance  in  the  verification  of  tests  and  methods,  the  translation  of 
papers,  the  sketching  of  crystals  and  the  reading  of  proof. 

The  author  would  be  grateful  if  those  using  the  volimie  in  their 
classes  would  make  suggestions  regarding  insertions,  omissions  or 
corrections, 

Philip  B.  Hawk. 
PaoMMLnuA. 
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PREFACE  TO  THIRD  EDITION 

The  increasing  approval  with  which  this  volume  is  being  received 
has  rendered  necessary  the  preparation  of  a  new  edition,  although  the  ' 
period  elapsing  since  the  last  edition  appeared  is  little  more  than  one 
year.  The  present  edition  has  been  brought  up  to  date  by  the  insertion 
of  various  additions  and  corrections  as  well  as  by  the  inclusion  of  a 
number  of  quaUtative  tests  and  quantitative  methods.  Because  of  the 
very  short  intervening  period  since  the  last  edition  of  the  volume,  the 
new  material  inserted  is  rather  small  in  quantity  when  compared  with 
that  incorporated  at  the  previous  revision. 

The  author  wishes  to  thank  Dr.  W.  H.  Welker  and  Dr.  Croll  for 
permission  to  insert  unpublished  material. 

Philip  B.  Hawk. 
Ubbama,  Illinois. 


DigitizGd  by  Lj OOQ IC 


DigitizGd  by  Lj OOQ IC 


PREFACE  TO  SECOND  EDITION 

The  kind  reception  accorded  tMs  volume  by  the  instructors  in 
physiological  chemistry  in  the  United  States  and  Great  Britain  has 
made  the  preparation  of  a  new  edition  imperative,  notwithstanding 
the  fact  that  less  than  two  years  have  elapsed  since  the  former  edition 
appeared.  The  advance  and  development  made  in  the  field  of  physio- 
logical chemistry  during  this  period  have  been  both  rapid  and  impor- 
tant; conditions  which  would  of  themselves  have  necessitated  the  revi- 
sion of  the  volume  at  an  early  date. 

The  book  has  been  thoroughly  revised  in  all  departments  and  in 
part  rewritten,  the  system  of  spelling  officially  adopted  by  the  American 
Chemical  Society  having  been  followed  throughout  the  volume.  Be- 
sides introducing  many  new  qualitative  tests  and  quantitative  methods, 
the  author  has  added  a  chapter  on  "Enzymes  and  Their  Action"  and 
has  rewritten  the  two  chapters  on  Proteins.  The  term  "protein"  has 
been  substituted  for  "proteid"  and  the  classification  of  proteins  as 
recently  adopted  by  the  American  Physiological  Society  and  the 
American  Society  of  Biological  Chemists  has  been  introduced  and  is 
followed  throughout  the  text;  the  classification  adopted  by  the  Chemical 
and  Fhydological  Societies  of  England  is  also  included. 

The  original  plan  of  the  book  has  been  adhered  to  with  the  excep- 
tion that  the  chapter  on  "Enzymes  and  Their  Action"  has  been  made 
Chapter  I  and  the  practical  work  upon  the  proteins  is  preceded  by  a 
chapter  giving  a  brief  discussion  of  protein  substances  from  the  stand- 
point of  their  decomposition  and  synthesis.  We  believe  that  the  stu- 
dent will  be  able  to  pursue  his  practical  work  more  intelligently  and  will 
derive  greater  benefit  therefrom  if  the  plan  of  instruction  as  suggested 
in  Chapters  IV  and  V  be  followed  in  the  presentation  of  the  subject 
of  "Proteins," 

The  author  wishes  to  express  his  thanks  to  all  those  who  so  kindly 
offered  suggestions  for  the  betterment  of  the  book.  He  is  particularly 
desirous  of  expressing  his  gratitude  to  Professor  Lafayette  B.  Mendel 
and  Dr.  Thomas  B.  Osborne  for  the  many  helpful  suggestions  they 
have  so  kindly  given  him.  His  thanks  are  also  due  Professor  C.  A. 
Herter,  Dr.  H.  D.  Dakin,  Dr.  S.  R.  Benedict,  and  Mr.  S.  C.  Clark 
for  permission  to  insert  unpublished  material,  to  Mr.  Paul  E.  Howe 
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Xll  PREFACE  TO  SECOND  EDITION 

for  valuable  assistance  rendered  in  the  reading  of  proof  and  in  the  verifi- 
cation of  tests  and  methods,  and  to  Dr.  M.  £.  Rehfuss  for  assistance  in 
proof  reading. 

The  author  takes  this  opportunity  of  making  an  acknowledgment 
which  was  inadvertently  omitted  from  the  first  edition.  He  wishes  to 
express  his  obligation  to  the  laboratories  of  physiological  chemistry  at 
Yale  University  and  at  Columbia  University  (College  of  Physicians  and 
Surgeons)  in  the  latter  of  which  he  was  Assistant  to  Professor  W.  J. 
Gies  for  two  years.  The  courses  given  in  these  laboratories  formed  the 
basis  of  many  of  the  experiments  included  in  this  volume,  and  it  is  with 
feeUngs  of  deepest  gratitude  that  he  records  this  acknowledgment  of  the 
assistance  thus  rendered  by  those  in  charge  of  these  courses. 

Philip  B.  Hawk. 
Ubbana,  Illinois. 
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PREFACE  TO  FIRST  EDITION 

The  plan  foliowed  in  the  presentation  of  the  subject  of  this  volume 
is  rather  different,  so  far  as  the  author  is  aware,  from  that  set  forth 
in  any  similar  volume.  This  plan,  however,  he  feels  to  be  a  logical 
one  and  has  followed  it  with  satisfactory  results  during  a  period  of 
three  years  in  his  own  classes  at  the  University  of  Pennsylvania.  The 
main  point  in  which  the  plan  of  the  author  differs  from  those  previously 
proposed  is  in  the  treatment  of  the  food  stuffs  and  their  digestion. 

In  Chapter  IV  the  "Decomposition  Products  of  Proteids"  has  been 
treated  although  it  is  impracticable  to  include  the  study  of  this  topic 
in  the  ordinary  course  in  practical  physiological  chemistry.  For  the 
specimens  of  the  decomposition  products,  the  crystalline  forms  of  which 
are  reproduced  by  original  drawings  or  by  microphotographs,  the  author 
is  indebted  to  Dr.  Thomas  B.  Osborne  of  New  Haven,  Conn. 

Because  of  the  increasing  importance  attached  to  the  examination 
of  feces  for  the  purposes  of  diagnosis,  the  author  has  devoted  a  chapter 
to  this  subject.  He  feels  that  a  careful  study  of  this  topic  deserves 
to  be  included  in  the  courses  in  practical  physiological  chemistry,  of 
medical  schools  in  particular.  The  subject  of  solid  tissues  (Chapters 
XIII,  XIV  and  XV)  has  also  been  somewhat  more  fully  treated  than  has 
generally  been  customary  in  books  of  this  character. 

The  author  is  deeply  indebted  to  Professor  Lafayette  B.  Mendel, 
of  Yale  University,  for  his  careful  criticism  of  the  manuscript  and  to 
Professor  John  Marshall,  of  the  University  of  Pennsylvania,  for  his 
painstaking  revision  of  the  proof.  He  also  wishes  to  express  his  grati- 
tude to  Dr.  David  L.  Edsall  for  his  criticism  of  the  clinical  portion  of 
the  volume;  to  Dr.  Otto  Folin  for  suggestions  regarding  several  of  his 
quantitative  methods,  and  to  Mr.  John  T.  Thomson  lor  assistance  in 
proof  reading. 

For  the  micro-photographs  of  oxyha;moglobin  and  haimin  reproduced 
in  Chapter  XI  the  author  is  indebted  to  Professor  E.  T.  Reichert,  of  the 
University  of  Pennsylvania,  who,  in  collaboration  with  Professor  A.  P. 
Brown,  of  the  University  of  Pennsylvania,  is  making  a  very  extended 
investigation  into  the  crystalline  forms  of  biochemic  substances.  The 
micro-photographofallantnin  was  kindly  furnished  by  Professor  Mendel. 
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nv  PKEFACE  TO  FIKST  EDITION 

The  author  is  also  indebted  for  suggestions  and  assistance  received  from 
the  lectures  and  published  writings  of  numerous  authors  and  investi- 
gators. 

The  original  drawings  of  the  volume  were  made  by  Mr.  Loms 
Schmidt  whose  eminently  satisfactory  efforts  ate  highly  appreciated  by 
the  author. 

Philip  B.  Hawk. 

Philadelphia. 
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CHAPTER  I. 

ENZYMES  AND  THEIR  ACTION. 

According  to  the  old  classification  fermeDts  were  divided  into  two 
classes,  the  organized  ferments  and  the  unorganized jermenls .  As  organized 
'  ferments  or  true  ferments  there  were  grouped  such  substances  is  yeast  and 
certain  bacteria  which  were  supposed  to  act  by  virtue  of  vital  processes, 
whereas  the  unorganized  ferments  included  salivary  amylase  (ptyalin), 
gastric  protease  (pepsin),  pancreatic  protease  (trypsin),  etc.,  which  were 
described  as  "  non-living  unorganized  substances  of  a  chemical  nature." 
Kiihne  designated  this  latter  class  of  substances  as  enzymes  (iv  iv^-^ — in 
yeast).  This  division  into  organized  ferments  (true  ferments)  and  un- 
organized ferments  (enzymes)  was  generally  accepted  and  was  practically 
unquestioned  until  Buchnet  overthrew  it  in  the  year  1897  by  his  epoch- 
making  investigations  onzymase.  Previous  to  this  time  many  writers  had 
expressed  the  opinion  that  theaction  of  the  ferment  organisms  was  similar 
to  that  of  the  unorganized  ferments  or  enzymes  and  thai  therefore  the 
activity  of  Ihe  former  was  possibly  due  to  the  production  of  a  substance 
in  the  cell,  which  was  in  nature  similar  to  an  enzyme.  Investigation 
after  investigation,  however,  failed  to  isolate  any  such  principle  from  an 
active  cell  and  the  exponents  of  the  "  vital "  theory  became  strengthened 
in  their  belief  that  certain  fermentative  processes  brought  about  by  living 
cellscould  not  occur  apart  from  the  biological  activity  of  such  cells.  How- 
ever, as  early  as  1858.  Traube  had  enunciated,  in  substance,  the  principles 
which  were  destined  to  be  f  undamentalin  our  modern  theory  of  fermenta- 
tion. He  expressed  the  belief  that  the  yeast  cell  produced  a  product  in 
its  metabolic  activities  which  bad  the  property  of  reacting  with  sugar  with 
the  production  of  carbon  dioxide  and  alcohol,  and  further  that  this 
reaction  between  the  product  of  the  metabohsm  of  the  yeast  cell  and  the 
sugar  occurred  "unthout  aid  from  the  original  cell .  It  was  not  until  1897, 
however,  that  this  theory  was  placed  upon  a  firm  experimental  basis. 
This  was  brought  about  through  the  efforts  of  Buchner  who  succeeded  in 
isolating  from  the  living  yeast  cells  a  substance  (zjinasc)  which,  when 
freed  from  the  last  trace  of  organized  cellular  material,  was  able  to  bring 
about  the  identical  fermentative  processes,  which,  up  to  this  time,  had 
been  deemed  possible  onlyin  the  presence  of  the  active,  living  yeast  cell. 
Buchner's  manipulation  of  the  yeast  cells  consisted  in  first  grind- 
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ing  them  with  sand  and  infusorial  earth,  after  which  the  finely  divided 
material  was  subjected  to  great  pressure  (300  atmospheres)  and  yielded 
a  liquid  which  possessed  the  fermentative  activity  of  the  unchanged 
yeast  cell.^  This  liquid  contained  zymase,  the  principal  enzyme  of 
the  yeast  cell.  Later  the  lactic-acid-  and  acetic-acid-producing'  bac- 
teria were  subjected  by  Buchner  to  treatment  similar  to  that  accorded 
the  yeast  cells,  and  the  active  intracellularenzymes  were  obtained.  Many 
other  instances  are  on  record  in  which  a  soluble,  active  agent  has  been 
isolated  from  ferment  cells,  with  the  result  that  it  is  pretty  well  estab- 
lished that  all  the  so-called  organized  ferments  elaborate  substances  of 
/  this  character.  Therefore,  basing  our  definition  on  the  work  of  Buchner 
and  others  we  may  define  an  enzyme  as  an  unorganized,  solublf  ferment, 
which  is  elaborated  by  an  animal  or  vegetable  cell  and  whose  activity  is 
entirely  independent  of  any  of  the  life  processes  of  such  a  cell.  According 
to  this  definition  the  enzyme  zymase  elaborated  by  the  yeast  cell  is  entirely 
comparable  to  the  enzjine  pepsin  elaborated  by  the  ceils  of  the  stomach 
mucosa.  One  is  derived  from  a  vegetable  cell,  the  other  from  an  animal 
cell,  yet  the  activity  of  neither  is  dependent  upon  the  integrityof  the  cell. 
Enzymes  act  by  catalysis  and  hence  may  be  termed  catalyzers  or 
catalysts.  A  simple  rough  definition  of  a  catalyzer  is  "  a  substance 
which  alters  the  velocity  of  a  chemical  reaction  without  undergoing 
any  apparent  physical  or  chemical  change  itself  and  without  becoming 
a  part  of  the  product  formed."  It  is  a  well-known  fact  that  the  veloc- 
ity of  the  greater  number  of  chemical  reactions  may  be  changed 
through  the  presence  of  some  catalyzer.  For  example,  take  the  case  of 
hydrogen  peroxide.  It  spontaneously  decomposes  slowly  into  the  water 
and  oxygen.  In  the  presence  of  colloidal  platinum,*  however,  the  de- 
composition is  much  accelerated  and  ceases  only  when  the  destruction 
of  the  hydrogen  peroxide  is  complete.  Without  multiplying  instances, 
suffice  it  to  say  that  there  is  an  analogy  bel  ween  inorganic  catalyzers  and 
enzymes,  the  main  point  of  difference  between  the  enzymes  and  most 
of  the  inorganic  catalyzers  being  that  the  enzymes  are  colloids.* 

Inasmuch  as  each  of  the  enzymes  has  an  action  which  is  more  or  less 
specific  in  character,  and  since  it  is  a  fairly  simple  matter,  ordinarily,  to 
determine  the  character  of  that  action,  the  classification  of  the  enzymes 
is  not  attended  with  very  great  difficulties.  They  are  ordinarily  classi- 
fied according  to  the  nature  of  the  substrate*  or  according  to  the  type 

'  In  later  investigations  the  process  was  improved  by  freeang  the  ground  cells  with 
liquid  air  and  finely  pulverizing  them  before  applying  the  pressure. 

'  Produced  by  the  passage  oi  electric  sparks  between  two  platinum  terminals  immersed 
in  distilled  water,  thus  liberating  ultra- nucroscopic  particles. 

•  Bredig  has  been  able  to  obtain  certain  inorganic  catalyzers  in  colloidal  solution.  These 
he  calls  "inorganic  eniymes." 

*  SubstSDce  acted  upon.     SceLippm^nn:  Btr.  d.  Deutsck.  Chcm.  Ges.,  36,  331,  i^j. 
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of  reaction  they  bring  about.  Thus  we  have  various  classes  of  enzymes, 
such  as  amylolylic,^  proteolytic,  lipolytic,  glycolytic,  urtcolyttc,  autolylic, 
oxidizing,  reducing,  inverting,  protein-coagulating,  deamidizing,  etc.  In 
every  instance  the  class  name  indicates  the  individual  type  of  enzy- 
matic activity  which  the  enzymes  included  in  that  class  are  capable  of 
accomplishing.  For  example,  amylolylic  enzymes  facilitate  the  hydro- 
lysis of  starch  (amylum)  and  related  substances,  lipolytic  enzymes 
facilitate  the  hydrolysis  of  fats  (Xiiro*),  whereas  through  the  agency  of 
uricolytic  enzymes  uric  acid  is  broken  down.  There  is  a  tendency, 
at  the  present  time,  to  harmonize  the  nomenclature  of  the  enzymes  by 
the  use  of  the  termination,  -ase.  According  to  this  system  of  nomen- 
clature, all  starch-transforming  enzymes,  or  so-called  amylolytic  en- 
zymes, are  called  amylases,  all  fat-splitting  enzymes  are  called  lipases, 
etc.  Thus  ptyalin  the  amylolytic  enzyme  of  the  saliva,  would  he 
termed  salivary  amylase  in  order  to  distinguish  it  from  pancreatic  amy- 
lase (amylopsin)  and  vegetable  amylases  (diastase,  etc.).  According 
to  the  same  system,  the  fat-splitting  enzyme  of  the  gastric  juice  would 
be  termed  gastric  lipase  to  differentiate  it  from  pancreatic  lipase  (steap- 
ain),  the  fat-splitting  enzyme  of  the  pancreatic  juice. 

Euler'  claims  that  enzymatic  cleavage  and  synthesis  are  often  brought 
about  by  two  different  components  of  an  enzyme  preparation.  He 
would  indicate  this  fact  by  giving  the  termination  -ese  to  those  eozymes 
exerting  a  synthetic  function.  For  example,  the  enzyme  which  catalyzes 
the  formation  of  nitrilesEuler  would  call  nitrileieindis  tine  tionfromnitral- 
ese  which  splits  nitriles.  He  would  further  designate  as  phosphates  the 
enzyme  which  builds  up  phosphoric  add  esters  of  carbohydrates  in  dis- 
tinctionfrom  phosphatase  which  causes  theircleavage.  In  the  sameway 
he  would  differentiate  the  lipolytic  eozymes  into  Upases  and  \ipeses. 

Our  knowledge  regarding  the  distribution  of  enzymes  has  been 
wonderfully  broadened  in  recent  years.  Up  to  within  a  few  years, 
the  real  scientific  information  as  to  the  enzymes  of  the  animal  organism, 
for  example,  was  limited,  in  the  main,  to  a  rather  crude  understanding 
of  the  enzymes  intimately  connected  with  the  main  digestive  func- 
tions of  the  organism.  We  now  have  occasion  to  believe  that  enzymes 
are  doubtless  present  in  every  animal  cell  and  are  actively  associated 
with  all  vital  phenomena.  As  a  preeminent  example  of  such  cellular 
activity  may  be  cited  the  liver  cell  with  its  reputed  complement  of  1 5- 
30  or  more  enzymes. 

'  Armstrong  suggests  the  use  of  the  termination  "clastic"  instead  of  "lytic."  Hecall» 
•ttention  to  the  fact  that  amylolytic,  in  analogy  with  electrolytic,  means  "  decomposition  by 
means  of  starch  "  and  is  therefore  a  misnomer.     He  suggests  the  use  of  iimyloclaslic ,  proteo- 

'  Euler:  Zeittckrifl  JUr  physiologische  ckemie,  74,  i  j,  1911. 
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A  list  of  the  more  important  enzymes  together  with  their  class,  dis- 
iribtilion,  substrate  and  end-products  is  given  below. 

CLASSIFICATIOX  OK  EXZVMKS. 

Nbhif.  Clau.  Diitribution.  Subitnte.  End-piwlDcU. 
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CLASSIFICATION  OF  ENZYMES.— Cd«((bbcJ. 
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In  text-book  discussions  of  the  enzymes  it  is  customary  to  say  that  ' 
very  little  is  known  regarding  the  chemical  characteristics  of  these  sub- 
stances since  no  member  of  the  enzyme  group  has,  up  to  the  present 
time,  been  prepared  in  an  absolutely  pure  condition.  Apparently,  how- 
ever, from  the  nature  of  the  facts  in  the  case,  it  would  be  much  more 
accurate  to  say  that  we  absolutely  do  not  know  whether  a  specific  enzyme 
kas,  or  has  not,  been  prepared  in  a  pure  state.  (Some  authors,  like 
Arthus,  have  assumed  that  enzymes  are  not  chemical  individuals,  but 
properties  conferred  upon  bodies.)  The  enzymes  are  very  difficult  to 
prepare  in  anything  like  a  condition  approximating  purity,  since  they 
are  very  prone  to  change  their  nature  during  the  process  by  which  the 
investigator  is  attempting  to  isolate  them.  For  this  reason  we  have 
absolutely  no  proof  that  the  final  product  obtained  is,  or  is  not,  in  the 
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same  state  of  purity  it  possessed  in  the  original  cell.  Some  of  the  en- 
zymes are  more  or  less  closely  associated  with  the  proteins  from  the  fact 
that  they  are  both  formed  in  every  cell  as  the  result  of  the  cellular  ac- 
tivity, both  may  be  removed  from  solution  by  "salting-out,"  both  are 
for  the  most  part  non-diffusible  and  are  probably  very  similar  as  re- 
gards elementary  composition.  Hence  in  the  preparation  of  some 
enzymes  it  is  extremely  difficult  to  make  an  absolute  separation  from 
the  protein.'  Under  certain  conditions  enzymes  are  readily  adsorbed 
by  shredded  protein  material,  such  as  fibrin,  and  may  successfully 
resist  the  most  prolonged  attempts  at  washing  them  free.  We  may 
summarize  some  of  the  properties  of  the  great  body  of  enzymes  as  fol- 
lows: Enzymes  are  soluble  in  dilute  glycerol,  sodium  chloride  solu- 
tion, dilute  alcohol  and  water,  and  precipitable  by  ammonium  sulphate 
and  strong  alcohol.  Their  presence  may  be  proven  from  the  nature 
of  the  end-products  of  their  action  and  not  through  the  agency  of  any 
chemical  test.  They  are  colloidal  and  non-di^usible,  and  occur  closely 
associated  with  protein  material  with  which  they  possess  many  proper- 
ties in  common.  Each  enzj-me  shows  the  greatest  activity  at  a  certain 
temperature  called  the  optimum  temperature;  there  is  also  a  minimum 
and  a  maximum  temperature  for  each  specific  enzyme.  Their  action 
is  inhibited  by  sufficienlly  lowering  the  temperature,  and  the  enzyme,  if 
in  solution,  is  entirely  destroyed  by  subjecting  it  to  a  temperature  of 
100°  C,  The  best  known  enzymes,  whether  derived  from  warm-blooded 
or  cold-blooded  animals,  are  most  active  between  35''-4S°  C.  The 
nature  of  the  surrounding  media  alters  the  velocity  of  the  enzymatic 
action,  some  enzj-mcs  being  more  active  in  acid  solution  whereas  others 
require  an  alkaline  fluid. 

Many  of  the  more  important  enzymes  do  not  occur  preformed 
within  the  cell,  but  are  present  in  the  form  of  a  zymogen  or  mother- 
substance.  In  order  to  yield  the  aclive  enzyme  this  zjTnogen  must  be 
transformed  in  a  certain  specific  manner  and  by  a  certain  specific  sub- 
stance. This  transformation  of  the  inactive  zymogen  into  the  active 
enzyme  is  termed  aclivalioti.  For  instance,  the  zymogen  of  the  enzyme 
pepsin  of  the  gastric  juice,  termed  pepsinogen,  is  activated  by  the  hydro- 
chloric acid  secreted  by  the  gastric  cells  (see  p.  127),  whereas  the  acti- 
vation of  the  trypsinogen  of  the  pancreatic  juice  is  brouirht  about  by  a 
substance  termed  enterokinase^  {see  p.  15).  These  arc  examples  of 
many  well-known  activation  processes  going  on  conlinually  within  the 
animal  organism.  The  agency  which  is  instrumental  in  activating  a 
zymogen  is  generally  termed  a  zymo-exciter  or  a  kinase.     In  the  cases 
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cited  hydrochloric  acid  would  be  termed  a  zymo-eidter  and  entero- 
kinase  would  be  termed  a  kinase. 

After  filtering  yeast  juice,  prepared  by  the  Buchner  process  (see  p. 
i),  through  a  Martin  gelatin  filter.  Harden  and  Young  showed  that 
the  colloids  left  behind  and  the  filtrate  were  both  inactive  fermenta- 
tively.  Upon  treating  the  colloid  material  (enzyme)  with  some  of  the 
filtrate,  however,  the  mixture  was  shown  to  be  able  to  bring  about  pro- 
nounced fermentation.  It  is  beUeved  that  a  co-enzyme  present  in  the 
filtrate  was  the  efficient  agent  in  the  transformation  of  the  inactive 
enzyme.  It  is  necessary  to  make  frequent  renewals  of  the  co-enzyme 
in  order  to  maintain  continuous  fermentation.  It  was  further  shown 
that  this  co-enzyme,  in  addition  to  being  diffusible,  was  not  destroyed 
by  boiling  and  that  it  disappeared  from  yeast  juice  when  this  latter 
was  fermented  or  allowed  to  undergo  autolysis.  The  exact  nature  of 
this  co-enzyme  of  zymase  is  unknown.  The  co-enzyme  action,  in  this 
case,  is  probably  dependent  upon  the  presence  of  two  individual 
agencies  one  of  which  is  phosphates. 

It  has  been  shown  by  Loevenhart  that  the  property  of  acting  as  a 
pancreatic  lipase  co-enzyme  is  vested  in  bile  sails,  and  Magnus  has 
further  shown  that  the  synthetic  salts  are  as  efficient  in  this  regard  as 
the  natural  ones.  A  few  other  instances  of  co-enzyme  demonstrations 
have  been  reported. 

Electrolytes  are  very  important  factors  in  facilitating,  or  inhibiting 
enzyme  action. '  For  example,  magnesium  hydroxide  inhibits  the  action 
of  salivary  amylase'  whereas  the  CI  ion  facilitates  the  action  of  this  and 
other  amylases.*  In  fact  Bierry*  has  very  recently  gone  so  far  as  to 
assert  that  the  presence  of  the  CI  or  Br  ion  is  "absolutely  essential  to 
the  activity  of  pancreatic  amylase." 

The  so-called  "specificity"  of  enzyme  action  is  an  interesting  and 
important  fact.  That  enzymes  are  very  specific  as  to  the  character  of 
the  substrate,  or  substance  acted  upon,  is  well  known.  Emil  Fischer 
investigated  this  problem  of  specificity  extensively  in  connection  with 
the  fermentation  of  sugars  and  reached  the  conclusion  that  enzymes, 
with  the  possible  exception  of  certain  oxidases,  can  act  only  upon  such 
substances  as  have  a  specific  stereo-isomeric  relationship  to  themselves. 
He  considers  that  the  enzyme  and  its  substrate  must  have  an  inter- 
relation, such  as  the  key  has  to  the  lock,  or  the  reaction  does  not  occur. 
Fischer  was  able  to  predict,  in  certain  definite  cases,  from  a  knowledge 
of  the  constitution  and  stereo-chemical  relationships  of  a  substance, 

'  For  literature,  see  Kendall  and  Sherman:  Jour.  Am.  Chan.  Soc,  33,  10S7,  lyio. 

•  Bergeim  and  Hawk:  Unpubliiihed  data. 

'  Wohlgemuth:  Biochemische  Zeilichrifl,  9,  10,  1908. 

*  Bieny:  /Md.,  40,  357,  1912. 
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whether  or  not  it  would  be  acted  upon  by  a  certain  enzyme.  An  appli- 
cation of  this  specificity  of  enzyme  action  may  be  seen  in  the  well-known 
facts  that  certain  enzymes  act  on  carbohybratcs,  others  on  fats,  and 
others  on  protein;  and,  moreover,  that  the  group  of  those  which  trans- 
form carbohydrates,  for  example,  is  further  subdivided  into  specific 
enzymes  each  of  which  has  the  power  of  acting  alone  uponsomeonesugar. 

It  has  been  conclusively  shown,  in  the  case  of  certain  enyzmes,* 
at  least,  that  their  action  is  a  reversible  one  and  is,  in  all  its  main  fea- 
tures, directly  analogous  to  the  reversible  reactions  produced  by  chem- 
ical means.  For  instance,  in  the  saponification  of  ethyl-butyrate  by 
means  of  pancreatic  lipase,  it  has  been  shown  that  upon  the  formation 
of  the  end-products  of  the  reaction,  i.  e.,  butyric  acid  and  ethyl  alcohol, 
there  is  reversion^  and  the  reaction  is  stationary.  This  does  not  mean 
there  are  no  chemical  changes  going  on,  but  simply  indicates  that  chem- 
ical equilibrium  has  been  established,  and  that  the  change  in  one  direction 
is  counterbalanced  by  the  change  in  the  opposite  direction.  Pancreatic 
lipase  was  oncof  the  first  enzymes  to  have  the  reversibility  of  its  reaction 
clearly  demonstrated.'  A  knowledge  of  the  fact  that  lipase  possesses 
this  reversibility  of  action  is  of  extreme  physiological  importance  and 
aids  us  materially  in  the  explanation  of  the  processes  involved  in  the 
digestion,  absorption,  and  deposition  of  fats  in  the  animal  organism 
(see  p.  141). 

In  respect  to  many  enzymes  it  has  been  found  that  the  law  govern- 
ing the  action  of  inorganic  catalyzers  is  directly  applicable,  i.  e.,  that 
the  inlensiiy  is  almost  directly  proporlional  to  the  concentration  oj  ike 
enzyme.  In  the  case  of  cnzj-mes,  however,  there  is  a  difference  in  that  a 
maximum  intensity  is  soon  reached  and  that  subsequent  concentration 
of  the  enzyme  is  productive  of  no  further  increase  in  intensity.  The  en- 
ZNTTies  which  have  been  shown  to  obey  this  linear  la-u-a.n  lipase,  invertase, 
rcnnin,  and  trypsin.  In  certain  instances,  where  this  law  of  direct 
proportionality  between  the  intensity  of  action  and  the  concentration 
of  enzj  me  does  not  hold,  it  has  been  found  that  the  Sc/iiitz-Borissow  law, 
first  experimentally  demonstrated  by  K.  Schiitz,  was  applicable.  This 
is  to  the  effect  that  the  intensity  is  directly  proportional  to  the  square 
root  of  the  concentration,  or  conversely,  that  l/ic  relatiie  concentrations 
of  enzymes  arc  directly  proportional  to  t/ic  squares  of  the  intensities.* 

'IThis  is  i.r<.l.i.l.K-  a  ainiT:.!  ,..ii,lili,»i, 
*ThL'rc-?ynlhHs.>fi-lliyll)U(>-rau-lr.imit^liy.!ri.ly-is|)r.HliHls.     'I'his  may  Vindicated 


DigitizGd  by  Lj OOQ IC 


ENZYMES    AND    THEIR   ACTION  Q 

It  has  been  shown  that  there  are  certain  substances  which  possess 
the  property  of  directly  inhibiting  or  preventing  the  action  of  a  cata- 
lyzer. These  are  called  anti-catalyzers  or  paralyzers  and  have  been 
compared  to  the  anti-toxins.  Related  to  this  class  of  anti-catalytic 
agents  stand  the  anti-enzymes.  The  first  anti-enzyme  to  be  reported 
was  the  anti-rennin  of  Morgenroth.  This  was  produced  by  injecting 
into  an  animal  increasing  doses  of  rennet  solution,  whereupon  an  "  anti " 
substance  was  subsequently  found  both  in  the  serum  and  in  the  milk, 
which  prevented  the  enzyme  rennin  from  exerting  its  normal  activity  in 
the  presence  of  caseinogen.  In  other  words,  antt-rennin  had  been  formed 
in  the  serum  of  the  animal,'  through  the  repeated  injections  of  ren- 
net solution.  Since  the  discovery  of  this  anti-enzyme,  anti-bodies  have 
been  demonstrated  for  pepsin,  trypsin,  lipase,  urease,  amylase,  laccase, 
tyrosinase,  emulsion,  papain,  and  thrombin.  According  to  Weinland, 
the  reason  why  the  stomach  does  not  digest  itself  is,  that  during  life 
there  is  present  in  the  mucous  membrane  of  the  stomach  an  anli-ensyme 
(anti-pepsin)  which  has  the  property  of  inhibiting  the  action  of  pepsin. 
A  similar  substance  (anti- trypsin)  is  present  in  the  intestinal  mucosa 
as  well  as  in  the  tissues  of  various  intestinal  worms.  Some  investi- 
gators are  not  inclined  to  accept  the  enzyme  nature  of  these  inhibitory 
agents  as  proven. 

The  very  recent  investigations  of  Ehrlich^  and  of  Neuberg*  have 
served  to  cause  a  complete  revision  of  our  ideas  regarding  yeast  fermen- 
tation. Ehrlich,  for  example,  has  shown  that  yeast  will  liberate  am- 
mania  from  amino  acids  and  leave  behind  a  non-nitrogenous  complex. 
Among  these  complexes  amyl  alcohol,  succinic  acid  and  others  may  be 
mentioned.  Thus,  amyl  alcohol  results  from  the  fermentation  of  leucine, 
whereas  ethyl  alcohol  results  from  the  fermentation  of  sugar.  Neuberg 
has  demonstrated  the  presence  in  the  yeast  of  an  enzyme  termed  car- 
boxylase which  has  the  property  of  splitting  o§  carbon  dioxide  from  the  car- 
boxyl  group  of  amino  and  other  aliphatic  acids.  The  findings  mentioned 
above  constitute  the  basis  for  much  important  work  on  so-called  "sugar- 
free  fermentation." 

For  a  more  extended  consideration  of  enzymes  the  student  is  referred 
to  the  following  sources; — 

Bayliss. — The  Nature  of  Enzyme  Action,  Second  Edition,  Long- 
mans, Green  and  Co.,  New  York  and  London. 

DuCLAUX.— Traite  de  Microbiologic,  Masson  &  Co.,  Paris. 

Effront. — Enzymes  and  tbeir  Applications,  Translated  by  Prcscott, 
Wiley  and  Sons,  New  York. 

'  Serum  is  normally  anti-lrvplU. 
'Ehrlich:  Biochemischr  Zfilschrifl,  36,  ^77,  igii. 

•  Neuberg  and  Collaborators;  Bischcmhche  Zcilschrijl,  31,  170;  33,  313;  36  (60,  <i8,  and 
76),  1911. 
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EuLER.^ — (a)  Allgemeine  Chemie  der  Enzyme,  Bergmann,  Wies- 
'baden,  1910.     (b)  Ergebnisse  der  Physiologic,  1909-10. 

Oppenheimer.— Die  Fennente  und  Ihre  Wirkungen,  Dritte  Auflage, 
Vogel,  Leipzig. 

Samuely. — Handbuch  der  Biochemie  des  Menschen  und  der  Thiere 
(Oppenheimer),  Gustav  Fischer,  Jena. 

Vernon, — Intracellular  Enzymes,  Murray,  London. 

EXPERIMENTS  ON  ENZYMES  AND  ANTI-ENZYMES. 

A.  EqKriments  on  Enzymes.' 

I.  AHTLASES. 

1.  Demonstration  of  Saliraiy  Amylase.^ — To  25  c.c.  of  a  one 
per  cent  starch  paste  in  a  small  beaker,  add  5  drops  of  saliva  and  stir 
thoroughly.  At  intervals  of  a  minute  remove  a  drop  of  the  solution 
to  one  of  the  depressions  of  a  test-tablet  and  test  by  the  iodine  test,* 
If  the  blue  color  with  iodine  still  forms  after  five  minutes,  add  another 
five  drops  of  saliva.  The  opalescence  of  the  starch  solution  should 
soon  disappear,  indicating  the  formation  of  soluble  siarck  (amidulin) 
which  gives  a  blue  color  with  iodine.  This  body  should  soon  be  trans- 
formed into  erylkrodextrin  which  gives  a  red  color  with  iodine,  and  this, 
in  turn,  should  pass  into  achroodextrin  which  gives  no  color  with  iodine. 
This  point  is  called  the  achromic  point.  When  this  point  is  reached 
test  by  Fehhng's  test*  to  show  the  production  of  a  reducing  substance 
(maltose) .  A  positive  Fehling's  test  may  be  obtained  while  the  solution 
still  reacts  red  with  iodine,  inasmuch  as  some  sugar  is  formed  from  the 
soluble  starch  coincidently  with  the  formation  of  the  erythrodestrin. 
For  further  discussion  of  the  transformation  of  starch  see  p.  61. 

2.  Demonstration  of  Pancreatic  Amylase.' — Proceed  exactly  as 
indicated  above  in  the  Demonstration  of  Salivary  Amylase  except 
that  the  saliva  is  replaced  by  5  c.c,  of  pancreatic  extract  prepared  as 
described  on  p.  153.  Pancreatic  amylase  transforms  the  starch  in  a 
manner  entirely  analogous  to  the  transformation  resulting  from  the 
action  of  salivary  amylase. 

3.  Preparation  of  Vegetable  Amylase. — Extract  finely  ground  malt 
with  water,  filler  and  subject  the  filtrate  to  alcoholic  fermentation  by 
means  of  yeast.     When  fermentation  is  complete  filter  off  the  yeast 

'  If  it  is  deemed  advisable  by  the  insLruclor  to  give  all  I  he  practical  work  uiKin  enzymes  »t 
this  p<niit  in  the  course,  additional  e\i.wriments  will  be  found  In  Chapter?  Ill,  VI  and  Vnl. 

•  For  a  dJscus^on  of  this  enzyme  see  ]>.  6c. 

•  See  p.  50, 
'  See  p.  .11. 

•  For  a  discussion  of  this  cniyme  ?ec  ]i.  150. 
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and  precipitate  the  amylase  from  the  filtrate  by  the  addition  of  alcohol. 
The  precipitate  may  be  filtered  off  and  obtained  in  the  form  of  a  fine 
white  powder. 

4.  Demonstration  of  Vegetable  Amylase. — This  enzyme  may  be 
demonstrated  according  to  the  directions  given  under  Demonstration 
of  Salivary  Amylase,  p.  10,  with  the  exception  that  the  saliva  used  in 
that  experiment  is  replaced  by  an  aqueous  solution  of  the  vegetable 
amylase  powder  prepared  as  described  above.^ 
n.  PROTEASES. 

1.  Preparation  of  Gastric  Protease.' — Treat  the  finely  commi- 
nuted mucosa  of  a  pig's  stomach  with  0.4  per  cent  hydrochloric  acid 
and  extract  at  38°  C.  for  24-48  hours.  The  filtrate  from  this  mix- 
ture constitutes  a  very  satisfactory  acid  extract  of  gastric  protease  (see 
p.  130). 

2.  Demonstration  of  Gastric  Protease. — Introduce  some  protein 
material  (fibrin,  coagulated  egg-white,  or  washed  lean  beef)  into  the 
acid  extract  of  gastric  protease  prepared  as  above  described,'  add  an 
equal  volume  of  0.4  per  cent  hydrochloric  acid  and  place  the  mixture 
at  38°  C.  for  2-3  days.  Identify  the  products  of  digestion  according 
to  directions  given  on  p.  130. 

3.  Preparati(m  of  Pancreatic  Protease.* — A  satisfactory  extract 
of  this  enzyme  may  be  made  from  the  pancreas  of  a  pig  or  sheep  accord- 
ing to  the  directions  given  on  p.  153. 

4.  Demonstration  of  Pancreatic  Protease. — Into  an  alkaline  ex- 
tract of  pancreatic  protease,'  prepared  as  directed  on  p.  153,  introduce 
some  fibrin,  coagulated  egg-white  or  lean  beef  and  place  the  mixture 
at  38°  C.  for  3-5  days.*  At  the  end  of  that  period  separate  and  identify 
the  end-products  of  the  action  of  pancreatic  protease  according  to  the 
directions  given  on  p.  153. 

5.  Demonstration  of  a  Vegetable  Protease. — A  commercial  prep- 
aration of  papain  {papayotin,  carase  or  papase),  the  protease  of  the 
fruit  of  the  pawpaw  {carica  papaya),  may  be  used  in  this  connection. 
Follow  the  same  procedure  as  that  described  under  Gastric  Protease 
(see  above) . 

'  If  desired  the  jirst  aqueous  extract  of  the  original  malt  may  be  used  in  this  demonstra- 
tion.    Commercial  laka-<iiaslasc  may  also  be  employed. 

'  Ms(t  called  pepsin,  pepsas(,  goitric  proteinase,  and  acid  prolease.  ForadiscusHonof  this 
enzyme  see  p.  137. 

•  If  so  dcFired,  a  solution  of  commercial  pepsin  powder  in  o.a  percent,  hydrochloric  acid 
may  be  substituted. 

*  Also  called  trypsin,  trypsast,  pancreatic  proteinase  and  alkali  proteinase.  For  a  discus- 
uon  of  this  enzyme  sec  p.  149. 

'  .\  0.35  per  cent  sodium  carbonate  solution  of  commercial  trypsin  may  be  substituted. 
•A  few  c.c.  of  toluol  or  an  alcoholic  solution  of  thymol  should  be  added  to  jirevenl 
putrefaction. 
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It  has  been  demonstrated  by  Mendel  and  Blood'  that  the  presence 
of  HCN  will  accelerate  the  proteoljtic  activity  of  papain.  It  is  sug- 
gested that  the  HCN  acts  as  a  so-called  co-enzyme  (see  p.  7). 

Vines^  believes  that  "  papain  "  consists  of  a  mixture  of  two  enzymes, 
a  pepsin  and  an  erepsin.  Mendel  and  Blood  do  not  consider  the  evi- 
dence on  this  point  as  conclusive. 


m.  LIPASES. 


evi-        y 


1 .  Preparation  of  Pancreatic  Lipase.^ — An  extract  of  this  enzyme 

may  be  prepared  from  the  pancreas  of  the  pig  or  sheep  according  to 
the  directions  given  on  p.  153.' 

2.  Demonstration  of  Pancreatic  Lipase.— Into  each  of  two  test- 
tubes  introduce  10  c,c.  of  milk  and  a  small  amount  of  litmus  powder. 
To  the  content.'!  of  one  tube  add  3  c.c.  of  a  neutral  extract  of  pancreatic 
lipase  and  to  the  contents  of  the  other  tube  add  3  c.c.  of  a  boiled  neutral 
extract  of  pancreatic  lipase.  Keep  the  tubes  at  38°  C.  and  walch  for 
color  changes.  The  blue  color  of  the  litmus  powder  will  gradually 
give  place  to  a  red.  This  change  in  color  of  the  litmus  from  blue  to  red 
has  been  brought  about  b>  the  fatty  acid  which  has  been  produced 
through  the  lipolytic  action  exercised  by  the  lipase  upon  the  milk  fats. 

3.  Preparation  of  Vegetable  Lipase.—  This  enzyme  maj'  be  readily 
prepared  from  castor  beans,  several  months  old,  by  the  following  pro- 
cedure:* Grind  the  shelled  beans  very  fine*  and  extract  for  twenty- 
four-hour  periods  with  alcohol-ether  and  ether,  in  turn.  Reduce  the 
semi-fat-free  material  to  the  finest  possible  consistency  by  means  of 
mortar  and  pestle  and  pass  this  material  through  a  sieve  of  very  fine 
mesh.  Place  this  material  in  a  Soxhiet  extractor  and  extract  for  one 
week.  This  fat-free  powder  may  then  be  used  to  demonstrate  the  ac- 
tion of  vegetable  lipase.  Powder  prepared  as  described  may  be  used 
in  quantitative  tests.  For  ordinary  qualitative  tests  it  is  not  neces- 
sary to  remove  the  last  traces  of  fat  and  therefore  the  extraction  period 
in  the  Soxhiet  apparatus  may  be  much  shortened, 

4.  Demonstration  of  Vegetable  Lipase. — The  lipolytic  action  of 
the  lipase  prepared  from  the  castor  bean,  as  just  described,  may 
be  demonstrated  in  a  manner  entirely  analogous  to  that  used  in  the 
Demonstration  of  Pancreatic  Lipase,  see  above.     Proceed  as  indicated 

'  Mendel  and  Blood;  Jota-nal  oj  Biological  Chemistry,  8.  177,  lyio. 

'Vines:  Artnids  of  Bohny,  iq,  174,  iqoj. 

'  Alio  called  steapsin.  For  a  diacusMon  of  this  enzytae  see  p.  151.  A  very  active  lipo- 
lytic extract  may  also  be  prepared  from  tiie  liver. 

'  If  preferred,  it  glyar^  extract  may  be  prepared  ttecordins  to  the  directions  given  by 
Kanitz;  Zeitschrifl  fiir  physiologisrhe  Chtmir,  1906,  46,  p.  483. 

'.\.  E.  Taylor:  On  Frrmenlatiem;  Uniitriily  of  Calrfarnia  Publications,  1907, 

•  The.shells  should  be  removed  without  Ihe  use  of  wnler.  These  beana  are  paisonotu, 
due  to  their  content  of  ricin. 
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in  that  experiment  and  substitute  the  vegetable  lipase  powder  for  the 
neutral  extract  of  pancreatic  lipase.  The  type  of  action  is  entirely 
analogous  in  the  two  instances. 

An  experiment  similar  to  Experiment  2,  p.  157,  may  also  be  tried 
if  desired.  In  this  experiment  0.2  c.c.  of  either  elhyl  butyrale  or  amyl 
acetate  may  be  employed. 

IV.  mVERTASES." 

1.  Preparation  of  an  Extract  of  Sucrase.^ — Treat  the  finely  divided 
epithelium  of  the  small  intestine  of  a  dog,  pig,  rat,  rabbit,  or  hen  with 
about  three  volumes  of  a  two  per  cent  solution  of  sodium  fluoride  and 
permit  the  mixture  to  stand  at  room  temperature  for  twenty-four 
hours.  Strain  the  extract  through  cloth  or  absorbent  cotton  and  use  the 
strained  material  in  the  following  demonstration. 

2.  Demonstration  of  Sucrase.- — To  about  5  c.c.  of  a  one  per  cent 
solution  of  sucrose,  in  a  test-tube,  add  about  one  cubic  centimeter  of  a 
two  per  cent  sodium  Buoride  intestinal  extract,  prepared  as  described 
above.  Prepare  a  control  tube  in  which  the  intestinal  extract  is  boiled 
before  being  added  to  the  sugar  solution.  Place  the  two  tubes  at  38°  C. 
for  two  hours.*  Heat  the  mixture  to  boiUng  to  coagulate  the  protein 
material,  filter,  and  test  the  filtrate  by  Fehling's  test  (see  p.  32).  The 
tube  containing  the  boiled  extract  shr  Uld  give  no  response  to  Fehling's 
test,  whereas  the  tube  containing  the  unboiled  extract  should  reduce  the 
Fehling's  solution.  This  reduction  is  due  to  the  formation  of  invert 
sugar  (see  p.  46)  from  the  sucrose  through  the  action  of  the  enzyme  su- 
crase which  is  present  in  the  intestinal  epithelium. 

3.  Preparation  of  Vegetable  Sucrase. — Thoroughly  grind  about 
100  grams  of  brewer's  yeist  in  a  mortar  with  sand.  Spread  the  ground 
yeast  in  thin  layers  on^lass  or  porous  plates  and  dry  it  rapidly  in  a  cur- 
rent of  dry,  warm  air.-  Powder  this  dry  yeast,  extract  it  with  distilled 
water  and  filter.  Pour  the  filtrate  into  acetone,  stir  and  after  permit- 
ting the  acetone  mixture  to  stand  for  a  few  minutes  filter  on  a  Buchner 
funnel.  The  resulting  precipitate,  after  drying  and  pulverizing,  may  be 
used  to  demonstrate  vegetable  sucrase. 

4.  Demonstratljn  of  Vegetable  Sucrase. — To  about  5  c.c.  of  a  one 
per  cent  solution  cf  sucrose  in  a  test-tube  add  a  small  amount  of  the 
sucrase  powder  pr.'pared  as  directed  above.  Place  the  tube  at  38°  C. 
for  24-7  2  hours  and  at  the  end  of  that  period  testthe  solution  by  Fehling's 
test.     Reduction  .indicates  that  the  active  sucrase  powder  has  trans- 

'  The  inverling  cttijihcj  of  Ike  alimcnlary  IracI;  Mendel  and  Mitchell:  Amrrkan  Journal 
af  PMysioIoty,  ao,  8i,  rjo7-o8, 

*  For  a  discusdoiKl  Ihis  enzyme  sec  (i.  153. 

'  If  a  positive  retulv  is  not  ubtaincd  in  this  time  permit  the  digestion  lo  proceed  For  a 
longer  period. 
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formed  the  non-redudng  sucrose  into  dextrose  and  Itevulose,  and  the* 
sugars,  in  turn,  have  reduced  the  Fehling  solution. 

5.  Preparation  of  an  Extract  of  Lactase.' — Treat  thefinel>>  dividet 
epitheliam  of  the  small  intestine  of  a  kitten,  puppy,  or  pig  embryi 
with  about  three  volumes  of  a  two  per  cent  solution  of  sodium  fluorid< 
and  permit  the  mixture  to  stand  at  room  temperature  for  twenty-fou 
hours.  Strain  the  extract  through  cloth  or  absorbent  cotton  and  usi 
the  strained  material  in  the  following  demonstration. 

6.  Demonstration  <rf  Lactase.* — To  about  5  c.c.  of  a  one  per  cen 
solution  of  lactose  in  a  test-tube  add  about  one  cubic  centimeter  o 
a  toluol-water  or  a  two  per  cent  sodium  fluoride  extract  of  the  firs 
part  of  the  small  intestine'  of  a  kittett,  puppy,  or  pig  embryo  prepared  a 
described  above.  Prepare  a  control  tube  in  which  the  intestina 
extract  is  boiled  before  being  added  to  the  sugar  solution.  Place  the  twi 
tubes  at  38°  C.  for  24  hours.  At  the  end  of  this  period  add  one  cubiJ 
centimeter  of  the  digestion  mixture  to  5  c.c.  of  Barfoed's*  reagent  an( 
place  the  tubes  in  a  boiling  water-bath.^  Examine  the  tubes  at  the  em 
of  three  minutes  against  a  black  background  in  a  good  light.  If  ni 
cuprous  oxide  is  visible  replace  the  tubes  and  repeat  the  examinatioi 
at  the  end  of  the  fourth  and  fifth  minutes.  If  no  reduction  is  thei 
observed  permit  the  tubes  to  stand  at  room  temperature  for  5-11 
minutes  and  examine  again." 

It  has  been  determined  that  disarcharide  solutions  will  not  reduc< 
Barfoed's  reagent  until  after  they  havt  been  heated  for  9-10  minute 
on  a  boiling  water-bath  in  contact  with  the  reagent.'  Therefore  in  thi 
above  test,  if  the  tube  containing  the  unboiled  extract  exhibits  an; 
reduction  after  being  heated  as  indicated,  for  j  period  of  five  minutes  o 
less,  and  the  control  tube  containing  boiled  extr.ict  shows  no  reduction 
it  may  be  cuncludeti  that  lactase  was  present  in  'he  intestinal  extract. 

7.  Preparation  of  an  Extract  of  Maltase.'— Treat  the  finely  divide* 
epithelium  of  the  small  intestine  of  a  cat,  killen,  or  -pig  (embryo  or  adult 
with  about  three  volumes  of  a  two  per  cent  solution  of  sodium  fluorid 
and  permit  the  mixture  to  stand  at  room  temparature  for  twenty 

'  For  a  discussion  of  this  cnzvme  see  p.  151. 

'  Roaf:  Hio-Ckemkat  Joiirml,  3,  182,  1908.  \ 

'  Duodenum  uml  lirsl  pari  of  jejunum.  [ 

*  To  4.S  grams  iif  neutral  irystallizcd  i:opi)er  acetate  in  900  c.c.kot  irater,  add 0.6  c.c.  ( 
glacial  ai  flic  acid  arid  mako  the  tiital  volume  of  the  solution  one  liner. 

'  C'iirc  sliould  be  taken  to  sec  thitt  the  water  in  the  bath  reaches  ai  leut  to  the  upper  len 
of  the  content,"  of  the  lubes.  ' 

*  Somciimos  the  draiviiiE  of  conclusions  is  facilitated  by  pouriny  the  mixture  from  th 
tube  and  examining  llie  bottom  of  the  tube  for  adherent  cuprous  o?dde. 

'  The  healing  for  9-10  minutes  is  sulVicient  to  transform  the  d^uccJUtflde  into  inoiK 
saccharide. 

'  The  reduction  u-oulil,  of  course,  be  due  to  the  action  of  the  dtxkoM  tad  fdotlti 
which  had  been  formed  from  ihc  lactone  through  the  action  of  the  ertuymeJadH*. 

*  For  a  discussion  of  this  enzyme  see  p.  i>2. 
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four  hours.     Strain  the  extract  through  cloth  and  use  the  strained 
material  in  the  following  demonstration. 

8.  Demonstratioa  of  Maltase. — Proceed  exactly  as  indicated  in  the 
demonstration  of  lactase,  above,  except  that  a  one  per  cent  solution  of 
maltose  is  substituted  for  the  lactose  solution.  Theextract  used  may  be 
prepared  from  the  upper  part  of  the  intestine  of  a  cat,  killen,  or  pig 
(^embryo  or  adult).  In  the  case  of  lactase,  as  indicated,  the  intestine 
used  should  be  that  of  a  kitten,  Puppy,  or  pig  {embryo). 
V.  EREPSIK.' 

1.  Preparation  of  Erepsin. — Grind  the  mucous  membrane  of  the 
small  intestine  of  a  cat,  dog,  or  pig  with  sand  in  a  mortar.  Treat  the 
mortared  membrane  with  toluol-  or  chloroform-water  and  permit  the 
mixture  to  stand,  with  occasional  shaking,  for  24-72  hours.'  Filter  the 
extract  thus  prepared  through  cotton  and  use  the  filtrate  in  the  following 
experiment. 

2.  Demonstratioii  of  Erepsin.— To  about  5  c.c.  of  a  one  per  cent 
solution  of  Witte's  peptone  in  a  test-tube  add  about  i  c.c.  of  the  erepsin 
extract  prepared  as  described  above  and  make  the  mixture  slightly 
alkaline  (o.i  per  cent)  with  sodium  carbonate.  Prepare  a  second  tube 
containing  a  like  amount  of  peptone  solution  but  boil  the  erepsin  extract 
before  introducing  it.  Place  the  two  tubes  at  38°  C.  for  2-3  days.  At 
the  end  of  that  period  heat  the  contents  of  each  tube  to  boiling,  filter 
and  try  the  biuret  test  on  each  filtrate.  In  making  these  tests  care 
should  be  taken  to  use  like  amounts  of  filtrate,  potassium  hydroxide  and 
copper  sulphate  in  each  test  in  order  that  the  drawing  of  correct  con- 
clusions may  be  facilitated.  The  contents  of  the  tube  which  contained 
the  boiled  extract  should  show  a  deep  pink  color  with  the  biuret  test,  due 
to  the  peptone  still  present.  On  the  other  hand,  the  biuret  test  upon 
the  contents  of  the  tube  containing  the  unboiled  extract  should  be  nega- 
tive or  exhibit,  at  the  most,  &  faint  pink  or  blue  color,  signifying  that  the 
peptone,  through  the  influence  of  the  erepsin,  has  been  transformed,  in 
great  part  at  least,  into  amino  acids  which  do  not  respond  to  the  biuret 
test.* 

3.  The  Glycyl-Tryptophane  Reactitm. — The  dipeptide  glycyl- 
tryptophane*  may  be  used  in  place  of  the  peptone  solution  for  the 
demonstration  of  erepsin.  It  is  used  widely  in  the  diagnosis  of  gastric 
cancer.     It  has  been  found  that  a  peptide-splitting  enzyme  (erepsin)  is 

'  For  a  discussion  of  this  enzyme  see  p.  152. 

•The  etuyme  may  also  be  extracted  by  means  of  glycerol  or  altaltne  "physiological" 
tall  seluium  U  de^ed. 

'Slrielly  sftaking,  this  erepsin  demonstration  is  not  adequate  unless  a  control  test  is 
made  with  naUxe  protein  (except  caseinogen,  histones  and  protamines)  to  show  that  the 
extrmct  u  liyfnm-p«»  and  digests  peptone  but  not  native  protein. 

*  Thia  dqHptiae  is  sold  commetaaUy  under  the  name  "  Fermeot  Diognosticon." 
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present  in  the  stomach  contents  of  individuals  suffering  from  cancer 
of  the  stomach,  whereas  the  stomach  contents  of  normal  individuals 
contains  no  such  enz>Tnc.  Theglycyl-tryptophane  test,  therefore,  fur- 
nishes a  means  of  aiding  in  the  diagnosis  of  this  disorder.  As  applied  to 
stomach  contents,  the  test  is  as  follows:^  Introduce  about  lo  c.c.  of  the 
filtrate  from  the  stomach  contents  into  a  test-tube,  add  a  little  glycyl- 
tryptophane,  and  a  layer  of  toluol  and  place  the  tube  in  an  incubator 
at  38°  C.  for  24  hours.  At  the  end  of  this  time  by  means  of  a  pipette 
transfer  2-3  c.c.  of  the  fluid  from  beneath  the  toluol  to  a  test-tube, 
add  a  few  drops  of  3  per  cent  acetic  acid  and  carefully  introduce  bromine 
vapors.  Shake  the  tube  and  note  the  production  of  a  red  color  if 
tr>ptophane  is  present.  The  tryptophane  has,  of  course,  been  liberated 
from  the  peptide  through  the  action  of  the  peptide-splitting  enzyme 
(erepsin)  elaborated  by  the  cancer  tissue. 

If  an  excess  of  bromine  is  added  the  color  will  vanish.  If  no  rose 
color  is  noted,  add  more  bromine  vapors  carefully  with  shaking  until 
further  addition  of  the  vapors  causes  the  production  of  a  yellowish  color. 
This  indicates  an  excess  of  bromine  and  constitutes  a  negative  test. 
Occasionally  the  rose  color  indicating  a  positive  test  is  so  transitory  as 
to  escape  detection  unless  the  test  be  very  carefully  performed. 

VL  DRICOLYTIC  ENZYME.' 

1.  Preparation  of  Uricase  (Uricolytic  Enzyme). — Extract  pulped 
liver  tissues  with  toluol-  or  chloroform-water  at  38°  C.  for  24  hours,  with 
occasional  shaking.  Filter  the  extract  and  use  the  filtrate  in  the  follow- 
ing experiment. 

2.  Demonstration  of  Uricase  (Uricoljrtic  Enzyme). — Add  about 
0.1  gram  of  uric  acid  to  10  c.c.  of  water  and  bring  the  uric  acid  into  solu- 
tion by  the  addition  of  the  minimal  quantity  of  potassium  hydroxide. 
To  s  c.c.  of  this  uric  acid  solution,  in  a  test-tube,  add  5  c.c.  of  the  urico- 
lytic enzymeextract  prepared  as  described  above.  Prepare  a  second  tube 
containing  a  like  amount  of  uric  acid  solution,  but  boil  the  extract  before 
it  is  introduced.  Place  the  two  tubes  at  38°  C.  for  3-4  daj-s  and  titrate 
the  two  digestive  mixtures  with  a  solution  of  potassium  permanganate 
according  to  directions  given  under  Folin-Schaffer  Method,  Chapter 
XXII.  It  will  be  found  that  the  mixture  containing  the  boiled  extract 
requires  a  much  larger  volume  of  the  permanganate  to  complete  the 
titration  than  the  other  tube.  This  indicates  that  a  uricolytic  enzyme 
has  destroyed  at  least  a  portion  of  the  uric  acid  which  was  originally 
present  in  the  tube  containing  the  unboiled  extract. 
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Vn.  CATALASE. 

Demonstration  of  Catalase. — The  various  animal  tissues,  such 
as  liver,  kidney,  blood,  lung,  muscle  and  brain,  contain  an  enzyme  called 
catalase  which  possesses  the  property  of  decomposing  hydrogen  per- 
oxide. The  presence  of  this  enzyme  may  be  demonstrated  as  follows: 
Introduce  into  a  low,  broad,  wide-mouthed  bottle  some  pulped  liver 
tissue  and  a  porcelain  crucible  containing  neutral  hydrogen  peroxide.^ 
Connect  the  bottle  with  a  eudiometer  filled  with  water,  upset  the  cru- 
cible of  hydrogen  peroxide  upon  the  liver  pulp  and  note  the  collection 
of  gas  in  the  eudiometer.  This  gas  is  oxygen  which  has  been  liberated 
from  the  hydrogen  peroxide  through  the  action  of  the  catalase  of  the 
liver  tissue. 

See  p.  23  for  a  method  for  the  quantitative  determination  of  cata- 
lase based  on  the  above  principle. 

B.  Experiments  on  Anti-Enzymes. 

1.  Preparation  of  an  Extract  of  Anti-Pepsin. '^Grind  up  a 
number  of  intestinal  worms  (ascaris)'  with  quartz  sand  in  a  mortar. 
Subject  this  mass  to  high  pressure,  filter  the  resultant  juice  and  treat 
it  with  alcohol  until  a  concentration  of  sixty  per  cent  is  reached.  If 
any  precipitate  forms  it  should  be  filtered  off*  and  alcohol  added  to  the 
filtrate  until  the  concentration  of  alcohol  is  85  per  cent,  or  over.  The 
anti-enzyme  is  precipitated  by  this  concentration.  Permit  this  pre- 
cipitate to  stand  for  twenty-four  hours,  then  filter  it  off,  wash  it  with 
95  per  cent  alcohol,  absolute  alcohol,  and  ether,  in  turn,  and  finally  dry 
the  substance  over  sulphiu-ic  acid.  The  sticky  powder  which  results 
may  be  used  in  this  form  or  may  be  dissolved  in  water  as  desired  and 
the  aqueous  solution  used.° 

2.  Demonstration  of  Anti-Pepsin.^^Introduce  into  a  test-tube  a 
few  fibrin  shreds  and  equal  volumes  of  pepsin-hydrochloric  acid^  and 
ascaris  extract  made  as  indicated  above.  Prepare  a  control  tube  in 
which  the  ascaris  extract  is  replaced  by  water.  Place  the  tubes  at 
38°  C.  Ordinarily  in  one  hour  the  fibrin  in  the  control  tube  will  be  com- 
pletely digested.     The  fibrin  in  the  tube  containing  the  ascaris  extract 

'  Mendel  and  Leavenworth:  American  Journal  of  Fhysiotogy,  21,  85,  1908. 

*  Anti-gastiic-protease  oi  anti-acid -protease. 

'  These  may  be  readily  obtained  from  pigs  at  a  slaughter  house. 

•  This  precipitate  consists  of  impurities,  the  anli-cniyme  not  being  precipitated  until  a 
higher  concentration  of  alcohol  is  reached. 

'  The  original  ascaris  extract  possesses  much  greater  activity  than  either  the  powder  or 
the  aqueous  solution. 

'Martin  H.  Fischer:  Physiology  of  Alimenlalion,  1007,  p.  134. 

'  Made  by  bringing  0.013  gram  of  pepsin  into  solution  in  7  c.c.  of  water  and  0.23  gram 
ol  concentrated  hydrochloric  acid. 
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may,  however,  remain  tmchanged  for  days,  thus  indicating  the  inhibi- 
tory influence  exerted  by  the  anti-enzyme  present  in  this  extract. 

3.  Prepaiatioii  of  an  Extract  of  Anti -Trypsin.' — The  extract  may 
be  prepared  from  the  intestinal  worm,  ascaris,  according  to  the  direc- 
tions given  on  page  17. 

4.  Demonstration  of  Anti-TiTpsin. — Introduce  into  a  test-tube  a 
few  shreds  of  fibrin  and  equal  volumes  of  an  artificial  tryptic  solution* 
and  the  ascaris  extract  made  as  described  on  page  17.  Prepare  a  con- 
trol tube  in  which  the  ascaris  extract  is  replaced  by  water.  Place  the 
two  tubes  at  38°  C.  Ordinarily  the  fibrin  in  the  control  tube  will  be 
completely  digested  in  two  hours.  The  fibrin  in  the  tube  containing 
the  ascaris  extract  may,  however,  remain  unchanged  for  days,  thus 
indicating  the  inhibitory  influence  of  the  anri-enzyme. 

Blood  serum  also  contains  anti-trypsin.  This  may  be  demonstrated 
as  follows:  Introduce  equal  volumes  of  serum  and  artificial  tryptic  solu- 
tion (prepared  as  described  above)  into  a  test-tube  and  add  a  few  shreds 
of  fibrin.  Prepare  a  control  tube  containing  boiled  serum.  Place  the 
two  tubes  at  38"  C.  It  will  be  observed  that  the  fibrin  in  the  tube  con- 
taining the  boiled  serum  digests,  whereas  that  in  the  other  tube  does  not 
digest.  The  anti-trypsin  present  in  the  unboiled  seram  has  exerted 
an  inhibitory  influence  upon  the  action  of  the  trypsin. 

C.  Quantitative  AppUcations. 

I.  Quantitative  Determination  of  Amylolytic  Activity.— IfoA/ge- 
muth's  Method.*  Arrange  a  series  of  test-tubes  with  diminishing  quan- 
tities of  the  enzyme  solution  under  examination,  introduce  into  each 
tube  5  c.c,  of  I  per  cent  solution  of  soluble  starch*  and  place  each  tube  at 
once  in  a  bath  of  ice- water.''  When  all  the  tubes  have  been  prepared  in 
this  way  and  placed  in  the  ice-water  bath  they  are  transferred  to  a  water- 
bath  or  incubator  and  kept  at  38°  C.  for  from  thirty  minutes  to  an  hour.' 


of  n 

'  Wohlgemuth:  Bioiktmiuhe  Zeilschrifl,  g,  i,  1908. 

*  Kahlbaum's  soluble  starch  is  satisfactory.  In  preparing  the  1  per  cent  solution^  th« 
wdRhed  starch  powder  should  be  dissolved  in  cold  distilled  water  in  a  casserole  and  stirred 
until  a  homogeneous  suspension  is  obtained.  The  minture  should  then  be  heated,  with  con- 
stant stirring,  until  it  is  clear.  This  ordinarily  takes  about  S-io  minutes.  A  slightly 
opaque  solution  is  thus  obtained  which  should  be  cooled  and  made  up  to  the  proper  volume 
before  u^ing. 

*  Ordinarily  a  scries  of  six  tubes  is  satisfactory,  the  volumes  of  the  enzyme  solution  used 
tanging  from  i  c.c.  to  o.i  c.c.  and  the  measurements  being  made  by  means  of  a  i  c.c.  gradu- 
ated pipttlc.  Each  lube  should  be  placed  in  the  ice-water  bath  as  soon  as  the  starch  solu- 
tion is  introduced.     It  will  be  found  convenient  to  use  a  small  wire  basket  to  hold  the  tubes. 

*  Longer  digestion  periods  may  be  used  where  it  is  deemed  advisable.  If  eseeedingly 
weak  solutions  are  being  investigated,  it  may  be  most  satisfactory  to  permit  the  digestion  to 
extend  over  a  period  of  24  hours. 
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At  the  end  of  this  digestion  period  the  tubes  are  again  removed  to 
the  bath  of  ice-water  in  order  that  the  action  of  the  enzyme  may  be 
stopped. 

Dilute  the  contents  of  each  tube,  to  within  about  one-half  inch  of  the 
top,  with  water,  add  one  drop  of  a  N/iosolutionof  iodine  and  shake  the 
tube  and  contents  thoroughly,  A  series  of  colors  ranging  from  dark  blue 
through  bluish-violet  and  reddish-yellow  to  yellow,  will  be  formed.^  The 
dark  blue  color  shows  the  presence  of  unchanged  starch,  the  bluish- 
violet  indicates  a  mixture  of  starch  and  erythrodextrin,  whereas  the  red- 
dish-yellow signifies  that  erythrodextrin  and  maltose  are  present  and  the 
yellow  solution  denotes  the  complete  transformation  of  starch  into  mal- 
tose. Examine  the  tubes  carefully  before  a  white  background  and  select 
the  last  tube  in  the  series  which  shows  the  entire  absence  of  all  blue  color, 
thus  indicating  that  the  starch  has  been  completely  transformed  into 
dextrins  and  sugar.  In  case  of  indecision  between  two  tubes,  add  an 
extra  drop  of  the  iodine  solution,  and  observe  them  again,  after  shaking. 

Cu/cw/afiow.— The  araylolyticactivity'of  a  given  solution  is  expressed 
in  terms  of  the  activity  of  i  c.c.  of  such  a  solution.  For  example,  if  it  is 
fotmd  that  0.02  c.c.  of  an  amylolytic  solution,  acting  at  38°  C,  completely 
transformed  the  starch  in  5  c.c.  qf  a  I  per  cent  starch  solutioninjo  minutes, 
the  amylolytic  activity  of  such  a  solution  would  be  expressed  as  follows; 

This  indicates  that  i  c.c.  of  the  solution  under  examination  possesses  the 
power  of  completely  digesting  250  c.c.  of  i  per  cent,  starch  solution  in  30 
minutes  at  38°  C. 

Wohlgemuth  has  suggested  a  slight  alteration  in  the  above  procedure 
for  use  in  the  determination  of  the  amylase  content  of  the  feces.'  A 
modification  of  the  Wohlgemuth  procedure*  for  this  purpose  is  given  in 
the  latter  part  of  the  chapter  on  Feces. 

2.  Quantitative  Determination  of  Peptic  Activity. — (a)  Melt's 
Method, — The  determination  of  the  actual  rate  of  peptic  activity  is  a  most 
important  procedure  under  certain  conditions.  Several  methods  of 
making  this  detennination  are  in  use.  The  method  of  Sprigg^  is  probably 
the  most  accurate  method  yet  devised  for  this  purpose.  It  is,  however, 
too  complicated  and  time-consuming  for  clinical  purposes.  The  method 
of  Mett,  given  below,  is  very  simple  although  not  strictly  accurate.  The 
procedure  is  as  follows:  To  about  5  c.c.  of  the  gastric  juice  under  exami- 

•  Designated  by  "U''  ihc  first  letter  of  "diaslalic." 
'Wohlgemuth:  Berliner  klinisthe  IVodienschrif'.  47,  gJi'igio. 

*  Hawk:  Archives  of  Internal  Mrdicinc,  8,  552,  igii. 

'  Sprigg:  Zeilschrifl  fUr  physiolopscke  ChcmU,  35,  465,  1901. 
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'  nation  in  a  test-tube  add  1-3  sections  of  a  Mett  tube'  and  place  the  mixture 
at  38°  C.  for  ten  hours.  At  the  end  of  this  period,  the  tube  should  be  re- 
moved from  the  gastric  Juice  and  the  length  of  the  column  of  coagulated 
albumin  which  has  been  digested  carefully  determined  by  means  of  a  low- 
power  microscope  and  a  millimeter  scale.  In  normal  human  gastric 
Juice  the  upper  limit  is  4  mm.  However,  control  tests  should  alway  be 
made  to  determine  the  digestibility  of  the  coagulated  albumin  in  artificial 
gastric  Juicej  inasmuch  as  this  factor  will  vary  with  different  albumin 
preparations.  This  fact  of  the  variation  in  the  digestibility  has  been 
emphasized  by  the  recent  work  of  Frank.=  This  investigator  demon- 
strated that  the  digestibility  of  the  egg  albumin  In  the  Mett  tube  would 
var>'  according  to  the  temperature  at  which  the  albumin  was  coagulated. 
Therefore  in  making  a  series  of  comparative  tests  the  albumin  in  the 
Mett  tubes  should  be  coagulated  under  uniform  conditions  in  order  to 
insure  accuracy. 

In  connection  with  this  test  the  Schiitz-Borissow  law  should  be  borne 
in  mind.  This  principle  is  to  the  eflect  that  the  amount  of  proteolytic 
enzyme  present  in  a  digestion  mixture  is  proportional  to  t/ie  square  0/  the 
number  of  millimeters  of  albumin  digested.  Therefore  a  gastric  juice 
which  digests  a  mm.  of  albumin  contains/owr  times  as  much  pepsin  as  a 
gastric  juice  which  digests  only  i  mm.  of  albumin.  And  further,  if  the 
quantities  of  albumin  digested  are  2  mm.  and  3  mm.,  respectively,  the 
ratio  between  the  pepsin  values  will  be  as  4  :  q. 

It  is  claimed  by  Nirenstein  and  Schiff'  that  the  principle  of  Schlitz 
does  not  apply  to  gastric  juice  unless  this  fluid  be  diluted  with  fifteen 
volumes  of  N/20  hydrochloric  acid. 

(6)  Fuld  and  Levison's  Method. — This  test  is  founded  upon  the  fact, 
shown  by  Osborne,  that  edestin  when  brought  into  solution  in  dilute  acid 
will  change  in  its  solubility,  due  to  the  contact  with  the  acid,  and  that  a 
protean  called  edesfan,  which  is  insoluble  in  neutral  fluid,  will  be  formed. 
The  procedure  is  as  follows:  Dilute  the  gastric  juice  under  examination 
with  20  volumes  of  water  and  introduce  gradually  decreasing  volumes  of 
the  diluted  juice  in  to  a  series*  of  narrow  test-tubes  about  I  cm.  in  diameter. 

'  In  the  preparation  of  these  tubes,  egg-white  is  diluted  with  an  equal  volume  of  water, 
the  predpitaled  globulin  filtered  off  and  the  fittTiktt  collected  in  a.  tall,  narrow  beaker  or  a 
large  test-tube,  A  bundle  of  capillary  tubes  about  10  cm.  in  length  and  z  mm.  in  diameter 
a.re  now  placed  in  this  vessel  in  such  a  raanncr  thai  they  are  completely  subme^ed  in  the 
albumin  solution.  After  an  examination  has  shown  that  the  tubes  are  completely  filled  with 
the  albumin  solution  and  that  there  are  no  interfering  air-bubbles,  the  vessel  audits  contained 
tubes  is  heated  (or  5-15  minutes  in  a  boiling  water-bath,  in  order  to  coagulate  the  albiunio. 
When  this  coagulation  is  complete,  the  tubes  are  removed,  all  albumin  adhering  to  them  IB 
carefully  cleaned  oB,  and  the  tubes  rendered  air-tight  by  the  application  of  sealing  wax  at 
dther  end.     When  needed  for  use,  these  tubes  are  cut  into  sections  about  >  cm.  in  length. 

'  Frank;  Journal  of  Biological  Chenistry,  <),  463, 


•  Nirenstein  and  Schiff:  ArcMv.  fitr  VerdaiiungtkrankkeiUH,  8^  559,  tqai. 

I  The  longer  the  series,  the  more  accurate  the  deductions  which  may  be  drawn. 
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The  measurements  of  gastric  juice  may  conveniently  be  made  with  a  i 
cc.  pipette  which  is  accurately  graduated  in  r/ioo  c.c.  Into  the  first 
tube  in  the  series  may  be  introduced  r  c.c.  of  gastric  juice,  and  the  tubes 
which  follow  in  the  series  may  receive  volumes  which  differ,  in  each 
instance,  from  the  volume  introduced  into  the  preceding  tube  by  i/ioo, 
1/50,  1/20,  or  i/io  of  a  cubic  centimeter.  Now  rapidly  introduce  into 
each  tube  the  same  volume  (e.  g.,  2  c.c.)  of  a  i ;  1000  solution  of  edestin^ 
and  place  the  tubes  at  40°  C.  for  one-half  hour.  At  the  end  of  this  time 
stratify  ammonium  hydroxide  upon  the  contents  of  each  tube,'  place 
the  tubes  in  {xisition  before  a  black  background  and  examine  them 
carefully.  The  ammonium  hydroxide,  by  diffusing  into  the  acid  fluid, 
forms  a  neutral  zone  and  in  this  zone  will  be  precipitated  any  undigested 
edeslan  which  is  present.  Select  the  tube  in  the  series  which  contains 
the  least  amount  of  gastric  juice  and  which  exhibits  no  ring,  signifying 
that  the  edestan  has  been  completely  digested,  and  calculate  the  peptic 
activity  of  the  gastric  juice  under  examination  on  the  basis  of  the 
volume  of  gastric  juice  used  in  this  particular  tube. 

Calculation. — Multiply  the  number  of  c.c.  of  edestin  solution  used 
by  the  dilution  to  which  the  gastric  juice  was  originally  subjected  and 
divide  the  volume  of  gastric  juice  necessary  to  completely  digest  the 
edestan  by  this  product.  For  example,  if  2  c.c.  of  the  edestin  solution 
was  completely  digested  by  0.25  c.c.  of  a  i  :20  gastric  Juice  we  would 
have  the  following  expression:  0.25^-20X2  or  1:160.  Tins  peptic 
activity  may  be  expressed  in  several  ways,  e.  g.,  (a)  i :  160  pepsin;  (6) 
160  pepsin  content;  (c)  160  parts. 

(c)  Rose's  Modificatioii^  of  theJacoby-Solms  Method.'* — Dissolve 
0.25  gram  of  the  globulin  of  the  ordinary  garden  pea,*  Pisum  sativum,  in 

'  Tllis  edestin  shou 
in  a  dilute  hydrochlor 

maliy  in  the  human  stomach.  This  may  he  conveniently  made  hy  adding  30  c.c.  of  N/io 
hydrochloiic  add  to  70  c.c.  of  water.-  Ordinarily  it  !>houtd  not  take  longer  than  one  minuU 
to  introduce  the  edestin  solution  into  the  entire  scries  of  tubes.  However,  if  the  edestin  is 
added  to  the  tubes  in  the  sanke  order  as  the  ammonium  hydroxide  is  afterward  stratified,  no 
Bppredabk  error  is  introduced. 

'  Making  the  stratification  in  the  same  order  as  the  edestin  solution  was  added. 

'  Rose:  Arckhes  of  Internal  Medicine,  5.  459,  igto. 

*  Sohna:  Zeitsckrift  fitr  kliniscke  MeJisin,  64,  15a,  1907. 

'  The  globulin  may  be  prepared  as  follows:  "The  finely  Rround  peas,  treed  as  much  as 
po^ble  from  the  outer  coating,  arc  repeatedly  eitractcd  with  large  quantities  of  10  per  cent 
sodium  chloride  solution,  the  extracts  combined,  strained  through  fine  bol tins-cloth,  and 
allowed  to  stand  over  night  in  large  cylinders  to  deposit  insoluble  matter.  I'he  supernatant 
fluid  is  uphoned  off  and  saturated  with  ammonium  sulphate.  The  prcciptitatc  of  albumin 
and  globulin  u  filtered  off,  suspended  in  a  little  water,  and  dialyzed  in  runninj;  water  for  three 
days,  until  tbe  salt  has  been  removed,  and  the  albumins  have  been  dissolved.  The  globulins 
areliltcredoff  and  washed  twoorthreetimes  to  remove  the  last  trace  of  albumins.  To  pu- 
rify further,  the  precipitate  iseilractcd  with  10  per  cent  sodium  chloride  solution,  and  filtered 
until  perfectly  clear.  The  resulting  solution  is  neutralized  to  litmus  paper  by  the  cautious 
addibon  of  ddute  sodium  hydroxide,  and  again  dialy/.ed  in  running  water  for  three  days  to 
remove  the  salts  completely.  The  precijtitated  globulins  arc  then  filtered  oti  and  dried  on  a 
water-bath  at  40°C.  During  the  entire  process  of  separation  the  proteins  should  be  pre- 
served with  a  mizture  of  alc^olic  thymol  and  toluol."     This  dried  globulin  is  used  in  the 
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loo  c.c.  of  lo  per  cent  sodium  chloride  solution,  warming  slightly  if 
necessary.^  Filter  and  introduce  i  c.c.  of  the  clear  filtrate  into  each  of 
a  series  of  six^  test-tubes  about  i  cm.  in  diameter.  Introduce  into  each 
tube  I  c.c.  of  0.6  per  cent  hydrochloric  acid  and  permit  a  period  of 
about  five  minutes  to  elapse  for  the  development  of  the  turbidity. 
Make  a  known  volume  of  the  gastric  juice  (5-10  c.c.  is  sufficient)  ex- 
actly neutral  to  litmus  paper  with  dilute  alkali;  and  record  the  volume 
of  the  alkali  so  used.  If  acid  metaprotein  precipitates,  filter  it  off;  if 
there  is  no  precipitate  proceed  without  filtration.  Dilute  the  clear 
neutral  solution  with  a  known  quantity  of  distilled  water  (usually  five 
volumes)  making  proper  allowance  for  the  volume  of  alkali  used  in  the 
neutralization.  Boil  5-10  c.c.  of  the  diluted  juice,  filter  and  add  the 
following  decreasing  volumes  (c.c.)  to  the  series  of  six  tubes:  i.o,  0.9, 
0.7.  0.5,  0.2,  0.0.  Make  the  measurements  by  means  of  a  i  c.c.  pipette 
graduated  in  o.oi  c.c.  Now  rapidly  introduce  the  unboiled,  diluted 
juice  in  the  following  increasing  volumes  (c.c.)  in  order:  0.0,0.1,0.3,0.5, 
0.8,  1.0,  Each  tube  now  contains  a  total  volume  of  3  c.c.  and  a  total 
acidity  of  0.2  per  cent  hydrochloric  acid.  Shake  each  tube  thoroughly 
and  place  them  at  50-52°  C.  for  fifteen  minutes  or  at  35—36°  C.  for  one 
hour.  Examine  the  series  of  tubes  at  the  end  of  the  digestion  period 
and  select  that  tube  which  contains  the  smallest  quantity  of  gastric 
juice  and  which  shows  no  turbidity.  The  volume  of  the  juice  used  in 
this  tube  is  taken  as  the  basis  for  the  calculation  of  the  peptic  activity. 
Calculation. — The  peptic  activity  is  expressed  in  terms  of  i  c.c.  of 
the  undiluted  juice.  For  example,  if  it  requires  0.5  c.c.  of  the  diluted 
juice  (five-fold  dilution)  to  clear  up  the  turbidity  in  i.c.c.  of  the  globu- 
lin solution  in  the  proper  experimental  time  interval  (15  minutes  or 
one  hour  according  to  temperature)  the  peptic  activity  would  be  ex- 
pressed as  follows; 

(I-^o.s)X5  =  IO  (peptic  activity). 

According  to  this  scale  of  pepsin  units  10  may  be  considered  as 
"normal"  peptic  activity.  These  units  are  about  i/io  as  large  as 
those  expressed  by  the  Jacoby-Soims  scale. 

Inasmuch  as  it  has  been  shown'  that  blood  serum  contains  an  anti- 
pepsin  it  is  advisable  to  test  the  gastric  juice  for  blood  before  determin- 
ing its  proteolytic  power. 

3.  Quantitative  Determinatioii  of  Tryptic  Activity. — Gross'  Method. 
— This  method  is  based  upon  the  principle  that  faintly  alkaline  solu- 

'  This  solution  may  be  preserved  at  Icaat  two  months  under  toluol. 
'  A  longer  series  of  tubes  may  be  used  if  desired.     However,  experience  has  shown  thai  a 
series  of  six  ordinarily  affords  sufGdent  range  for  all  diagnostic  purposes. 
•  Oguro;  Biochemische  Zcilschrifl,  12,  26fi,  1909. 
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tions  of  casein  are  precipitated  upon  the  addition  of  dilute  (t  per  cent) 
acetic  acid  whereas  its  digestion  products  are  not  so  predpttated.  The 
method  follows:  Prepare  a  series  of  tubes  each  containing  10  c.c.  of  a 
0.1  per  cent  solution  of  pure,  fat-free  casein,'  which  has  been  heated  to 
a  temperature  of  40°  C.  Add  to  the  contents  of  the  series  of  tubes 
increasing  amounts  of  the  trypsin  solution  under  examination,^  and 
place  them  at  40°  C.  for  fifteen  minules.  At  the  end  of  this  time  re- 
move the  tubes  and  addify  the  contents  of  each  with  a  few  drops  of 
dilute  (i  per  cent)  acetic  acid.  The  tubes  in  which  the  casein  is  com- 
pletely digested  will  remain  clear  when  addified,  while  those  tubes  which 
contain  undigested  casein  will  become  more  or  less  turbid  under  these  con- 
ditions. Select  the  first  tube  in  the  series  which  exhibits  no  turbidity 
upon  addification,  thus  indicating  complete  digestion  of  the  casein,  and 
calculate  the  tryplic  activity  of  the  enzyme  solution  under  examination. 

Calculation. — The  unit  of  tryptic  activity  is  an  expression  of  the 
power  of  I  c.c.  of  the  fliud  under  examination  exerted  for  a  period  of 
fifteen  minutes  on  loc.c.  of  ao.i  per  cent  casein  solution.  For  example, 
if  0.5  c.c.  of  a  trypsin  solution  completely  digests  10  c.c.  of  a  0.1  per 
cent  solution  of  casein  in  fifteen  minutes  the  activity  of  that  solution 
would  be  expressed  as  follows: 

Tryptic  activity=  i  -i-0.5  =  2. 

Such  a  trypsin  solution  woidd  be  said  to  possess  an  activity  of  2.  If 
0.3  c.c.  of  the  trypsin  solution  had  been  required  the  solution  would  be 
said  to  possess  an  activity  of  3.3;  i.  e.,  1-1-0.3  =  3.3. 

4.  Quantitative  Detennination  of  Catalase.' — In  the  determination 
of  the  catalase  values  of  tissues  weighed  portions  of  the  tissue  under 
examination  should  be  ground  with  sand  in  a  mortar  then  treated  with 
four  volumes  of  chloroform  water  and  permitted  to  extract  for  24  hours 
at  room  temperature.  An  apparatus  such  as  that  shown  in  Fig.  i  may 
be  employed  in  determining  the  catalase  values.  The  main  features  of 
the  apparatus  are  based  upon  those  of  a  delivery  funnel  for  introdudng 
liquids  under  increased  or  diminished  pressure. 

In  making  a  determination  introduce  a  measured  volume  (1-4  c.c.) 
of  the  filtered  extract*  into  the  small  flask  and  insert  the  modified  John- 
son burette  graduated  to  5  c.c.  and  containing  50  c.c.  of  hydrogen  per- 
oxide (Oakland  dioxygen  neutral*  to  congo  red)  into  the  neck  of  the  flask. 

'  Made  by  dissolving  one  gram  of  Grtibler's  casein  in  a  liler  of  0,1  per  cent  sodium  car- 
bonate,    A  little  chloroform  may  be  added  to  prevent  bacterial  action. 

'  The  amount  of  solution  used  may  vary  from  o.i-i  c.c.  The  measurements  may  con- 
veniently be  made  by  moans  of  a  :  c.c.  graduated  pipette. 

'  Hawk-  Journal  of  American  Chemical  Society,  33,  425,  1911. 

*  If  less  than  4  c.c.  of  extract  are  used  the  volume  should  be  made  up  to  4  c.c.  by  the  addi- 
tion of  distilled  water. 

*  An  acid  reaction  modifies  the  rate  of  the  ox)-gen  evolution.  (See  Mendel  and  Leaven- 
worth, American  Journal  of  Physiology,  21,  8s,  igo8.) 
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Shake  the  contents  of  the  flask  briskly'  and  record  the  volume  of  oxy- 
gen evolved  in  a  two-minute  period  taking  readings  at  intervals  of 
fifteen  seconds. 

Calculation. — When  a  series  of  comparative  tests  are  made  on  dif- 
ferent tissues  or  on  the  same  tissue  under  different  conditions  it  is  con- 
sidered satisfactory  to  make  a  comparison  of  the  catalase  values  upon 


the  basis  of  the  volume  of  oxygen  evolved  in  a  period  of  two  minutes  from 
5  c.c.  of  neutral  hydrogen  peroxide  by  means  of  i  c.c.  of  a  1:4  chloroform- 
water  extract  of  the  tissue. 

'  In  making  a  series  of  comparative  tests  it  is  essential  that  the  shaking  process  should  be 
uniform  from  determination  to  determination. 
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CHAPTER  II. 
CARBOHYDRATES. 

The  name  carbohydrates  is  given  to  a  class  of  bodies  which  are  an 
especially  prominent  constituent  of  plants  and  which  are  found  also  in 
the  animal  body  either  free  or  as  an  integral  part  of  various  proteins. 
They  are  called  carbohydrates  because  they  contain  the  elements  C,  H 
and  O;  the  H  and  O  being  present  in  the  proportion  to  form  water.  The 
term  is  not  strictly  appropriate  inasmuch  as  there  are  bodies,  such  as 
acetic  add,  lactic  add  and  inosite,  which  have  H  and  O  present  in  the 
proportion  to  form  water,  but  which  are  not  carbohydrates,  and  there 
are  also  true  carbohydrates  which  do  not  have  H  and  0  present  in  this 
proportion,  e.  g.,  rhamnose,  CgHuOs. 

Chemically  considered,  the  carbohydrates  are  aldehyde  or  ketone 
derivatives  of  complex  alcohols.  Treated  from  this  standpoint,  the 
aldehyde  derivatives  are  spoken  of  as  aldoses,  and  the  ketone  derivatives 
are  spoken  of  as  ketoses.  The  carbohydrates  are  also  frequently  named 
according  to  the  number  of  oxygen  atoms  present  in  the  molecule,  e.  g., 
trioses,  pentoses,  and  hexoses. 

The  more  common  carbohydrates  may  be  classified  as  follows: 

I.  Monosaccharides. 

1.  Hexoses,  CbHkOs. 

(a)  Dextrose. 

(b)  Laevulose. 

(c)  Galactose. 

2.  Pentoses,  CsHioOj. 

(a)  Arabinosc. 

(b)  Xylose. 

(c)  Rhamnose  {Methyl-pen tose),  CgHnOa 

II.  Disaccharides,  Ci,H„0„. 

1.  Maltose. 

2.  Lactose. 

3-  Iso-Maltose. 
4.  Sucrose. 

III.  Trisaccharides,  Ci8H3iOi». 

I.  Raffinose. 

25 
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IV.  Polysaccharides,  (CsHioOe)^. 

1.  Starch  Group. 

(a)  Starch. 

(b)  Inulin. 

(c)  Glycogen. 

(d)  Lichenin. 

2.  Gum  and  Vegetable  Mucilage  Group. 

(d)  Dextrin. 

(6)  Vegetable  Gums. 

3.  Cellulose  Group. 

(a)  Cellulose. 
(A)  Hemicelluloses. 
(i)  Pentosans. 

Gum  Arabic. 
(2)  Hexosans. 
Galactans. 
Agar-agar. 

Each  member  of  the  above  carbohydrate  classes,  except  the  members 
of  the  pentose  group,  may  be  supposed  to  coDtain  the  group  CgHioOt, 
called  the  saccharide  group.  The  polysaccharides  consist  of  this  group 
alone  taken  a  large  number  of  times,  whereas  the  disaccharides  may  be 
supposed  to  contain  two  such  groups  plus  a  molecule  of  water,  and  the 
monosaccharides  to  contain  one  such  group  plus  a  molecule  of  water. 
Thus,  (CsH,oOB),  =  polysaccharide,  (C,H,oOi),-|-H,0— disaccharide, 
CjHioOs+HaO— monosaccharide.  In  a  general  way  the  solubility  of 
the  carbohydrates  varies  with  the  number  of  saccharide  groups  present, 
the  substances  containing  the  largest  number  of  these  groups  being  the 
least  soluble.  This  means  simply  that,  as  a  class,  the  monosaccharides 
(hexoses)  are  the  most  soluble  and  the  polysaccharides  (starches  and 
cellulose)  are  the  least  soluble. 

MONOSACCHARIDES. 

Hexoses,  CgHnOe. 

The  hgjoaes  are  monosaccharides  containing  six  oxygen  atoms  in  a 
molecule.  They  are  the  most  important  of  the  simple  sugars,  and  two 
of  the  principal  hexoses,  dextrose  and  Isevidose,  occur  widely  distributed 
in  plants  and  fruits.  Of  these  two  hexoses,  dextrose  results  from  the 
hydrolysis  of  starch  whereas  both  dextrose  and  la^vulose  are  formed  in 
the  hydrolysis  of  sucrose.  Galactose,  which  with  dextrose  results  from 
the  hydrolysis  of  lactose,  is  also  an  important  hexose.     These  three 
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bexoses  are  fennentable  by  yeast,  and  yield  Ixvtjjjoit  add  upon  heating 
with  dilute  mineral  adds.  They  reduce  metallic  oxides  in  alkaline 
solution,  are  optically  active  and  extremely  SQl^bls-  With  pben}4- 
hydrazine  they  form  characteristic  osazones. 


DEXTROSE,  (CHOH),. 
i 
CHO 

Dextrose,  also  called  glucose  or  grape  s«gar,  is  present  in  the  blood 
in  small  amomit  and  may  also  occur  in  traces  in  normal  urine.  After 
the  ingestion  of  large  amounts  of  sucrose,  lactTOe  or  dea^trose,  cauang 
the  assimilation  limit  to  be  exceeded,  an  alimentary  glycosuria  may 
arise.  The  assimilation  limit  for  dextrose  lias  been  shown*  to  be  be- 
tween loo  and  150  grams.  In  diabetes  mellitus  very  large  amounts 
of  dextrose  are  excreted  in  the  urine.  The  following  structural  formula 
has  been  suggested  by  Victor  Meyer  for  d-dextrose: 

COH 

! 

H— C— OH 

I 
HO— C— H 

I 
H— C— OH 

I 
H— C— OH 

I 

CHiOH 

(For  further  discussion  of  dextrose  see  section  on  Hexoses,  page  26.) 

Experiments  on  Dextrose. 

jj.  Solubility. — Test  the  solubility  of  dextrose  in  the  "ordinary 
solvents"  and  in  alcohol.  (In  the  solubility  tests  throughout  the  book 
we  shall  designate  the  following  solvents  as  the  "ordinary  solvents": 
HjO;  10  per  cent  NaCl;  0.5  per  cent  NaiCOs;  0.2  per  cent  HCl;  con- 
centrated KOH;  concentrated  HCI.) 

2.  Molisch's  Reaction. — Place  approximately  5  c.c.  of  concentrated 
H1SO4  in  a  test-tube.  Incline  the  tube  and  slowly  pojr  down  the  inner 
side  of  it  approximatelj  5  c.c.  of  the  sugar  solution  to  which  2  drops  of 
Molisch's  reagent  (a  15  per  cent  alcoholic  solution  of  a-naphthol)  has 
been  added,  so  that  the  sugar  solution  will  not  mix  with  ihe  acid.    A 

>  Brasch:  Ztilschrljl  Jilr  Biologie,  50,  113,  1907.  . 
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muu^li'-inirt.  zone  Ls  prrviucerf  at  the  miiit  it  ointACt. 
:s  lue  11  "iie  fnmiarion  ot  furium). 


'v   "he  udd.     The  rest  is  ^vea  by  ail  bodies  caatilmni^  i  csibtm~  ir3.Z£ 
^.-iup  mrt  :s  *Jierp:ore  nnc  ipediic   in«i,  to  cooaeftqencg.  or  t^t;.-  little 

;.  Pteo^Sqidcuiiie Kfarril — T«t  accorinig  c>  one  of  the  riiiiw- 
inif  :nerhn«ts:  'i  T>  i  imall  iroijoac  ot  piiea>'Qiy'irazme  mixtzire. 
runtishert  iy  ".he  ;nsrr-icv,r  ■  iiiii  ~  cc  ot  the  iuaar  solaaon.  =fajie  w^ 
liifi  heat  in  i  viilint;  witer-^ach  ii.r  ooe-hall  Co  three-iaan:er=  ot  ia 
hfnir  AiUi"*  "Jie  tube  %".  vyii  :ir£iy  ioti  j^ra'TrTi'*  the  crystals  mcro- 
v--.pirAily  P!are  flf.  -.pprrtite  .  I:  the  lOtJtbia  has  become  ti:t;-  ■zoa- 
■vnmrert  ;n  :he  -•cfiuia'  prxftt*  it  wiE  be  lishc  re>i  in.  coujr  an-i  no 
"."itAis  Tnil  separate  oncil  ;t  Li  ■^.izeti  Tritk  water. 

V'i\r,v  -trjitaiiine  Vidies  '-.iuleri  a^-tzanes  ire  tonneii  nroo:  certain 
tui^'i  inrier  tiievt  o-.nrfin*tn^.  is  zeoerat  each  imii^'i'iuai  =agar  zisias 
r.se  v<  in  '.sa^'iie  '■>i  a  'ierinite  crv^talliae  lorm  vhich  U  ty^eal  foe  that 
■ttj^r,  r*.  is  important  u>  remeir^ber  in  t^if^  connection  that  ot  the 
<mpw  lus^'i  or  inter^t  in  pfa;,  jioirigical  chemistrj-.  dextroeie  aad  I*\"a- 
>,'^^  v>ui  "he  same  ryiazone.  Each  o^azone  has  a  dednite  mettJng- 
prj'n*  'tnii  a't  a  further  and  more  accurate  means  ot  identincation  it 
ma,.  V  n^.Pr  irailizM  and  identined  by  the  determination  ot  it*  meiting- 
p»-.tr.r  and  nirr'-npm  content.  The  reaction  taking  place  in  the  formation 
■;i  pif^.ttyUUxtrai.ivyHx  \a  a.»  tV^owj: 

C^/h^i  H..V  VHfJii  — CainO*  N  XHCtHi  .-r.'H:0-H;. 

*:  Hafj;  5  r„c.  of  the  iugar  solution  id  a  test*tube.  add  i  c.c.  ot  the 
ph.*nylh>drazine-acetate  solution  furnished  by  the  instructor.-  and 
h'-at  or.  a  baffling  water-hath  Ua  one-half  to  three-qiiarters  of  an  hour. 
Ailow  the  h'^yuid  to  cwt!  iloicly  and  examine  the  oystals  micro^opic- 
i;Vj    Plaur  III.  oppf,site>- 

The  phenvlhydrazine  test  has  been  so  modibed  by  CipoUina  as  to 
\^  'A  <irx  a*  a  rapid  dinioil  Uil.  The  directions  for  this  test  are  given 
in  the  rext  experiment. 

'  T'li'  Tiitf'irir  ii  pr';paredbyi:r,mMnineoDcpart  oipbcnylhydru)aehydri.y-hi>>ri>ie3ad 
twr,  '^r<.\  'A  'r.fS';m  arrute.  hy  i:':(it.     These  are  thorougbly  miv«d  in  a  m->t:jr. 

'  TKii  "A-.'li.r.  jj  pt'j.3.rcr\  hy  mirinz  one  part  by  tiVbhic.  in  each  i-aif.  nl'  s'ljiiii  idMic 
tt'iii,  iin':  ^rt  '■(  xa:i;r  an>l  t>o  paru  of  pheoylhydrafine  (the  ba^*. 
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4.  Cqmllma's  Test. — Thoroughly  mix  4    c.c.    of  dextrose   solu- 
tion, 5  drops  of  phenylhydrazine  (the  base)  and  1/2  c.c.  of  glacial  acetic 
acid  in  a  test-tube.     Heat  the  mixture  for  about  one  minute  over  a  low 
flame,  shaking  the  tube  continually  to  prevent  loss  of  fluid  by  bumping. 
Add  4^5  drops  of  sodium  hydroxide  (sp.  gr.  1.16),  being  certain  that 
the  fluid  in  the  test-tube  remains  acid,  heat  the  mixture  again  for  a 
moment  and  then  cool  the  contents  of  the  tube.     Ordinarily  the  crystals  .  L 
form  at  once,  especially  if  the  sugar  solution  possesses  a  low  specific     -tX^ 
gravity.     If  they  do  not  appear  immediately  allow- the  tube  to  stand  atjL'' 
least  20  minutes  before  deciding  upon  the  absence  of  sugar.                      ^ 

Examine  the  crystals  under  the  microscope  and  compare  them  with 
those  shown  in  Plate  III,  opposite  page  28. 

5.  Rjegler's  Reaction.' — Introduce-  o.i  gram  of  phenylhydra- 
zine-hydrochloride  and  0.25  gram  of  sodium  acetate  into  a  test-tube, 
add  20  drops  of  the  solution  under  examination  and  heat  the  mixture 
to  boiling.  Now  introduce  10  c.c.  of  a  3  per  cent  solution  of  potassium 
hydroxide  and  gently  shake  the  tube  and  contents.  If  the  solution 
under  examination  contains  dextrose  the  liquid  in  the  tube  will  assume 
a  red  color.  One  per  cent  dextrose  yields  an  immediate  color  whereas 
0.05  per  cent  yields  the  color  only  after  the  lapse  of  a  period  of  one- 
half  hour  from  the  time  the  alkali  is  added.  In  urinary  examination 
if  the  color  appears  after  the  thirty-minute  interval  the  color  change  is 
without  significance  inasmuch  as  sugar-free  urine  will  respond  thus. 
The  reaction  is  given  by  all  aldehydes  and  therefore  the  test  cannot 
be  safely  employed  in  testing  urines  preserved  by  formaldehyde.  Al- 
bumin does  not  interfere  with  the  test. 

6.  Bottu's  Test.*— To  8  c.c.  of  Bottu's  reagent*  in  a  test-tube  add 
I  c.c.  of  the  solution  under  examination  and  mix  the  liquids  by  gentle 
shaking.  Now  heat  the  upper  portion  of  the  mixture  to  boiling,  add 
an  additional  i  c.c.  of  the  solution  and  heat  the  mixture  again  imme- 
diately. The  appearance  of  a  blue  color  accompanied  by  the  precipi- 
tation of  small  particles  of  indigo  blue  indicates  the  presence  of  dextrose 
in  the  solution  under  examination.  The  test  will  serve  to  detect  the 
presence  of  o.i  per  cent  of  dextrose. 

7.  Precipitation  by  Alcohol. — To  10  c.c,  of  95  per  cent  alcohol 
add  about  2  c.c.  of  dextrose  solution.  Compare  the  result  with  that 
obtained  under  Dextrin,  7,  page  53. 

8.  Iodine  Test. — Make  the  regular  iodine  test  as  given  under  Starch, 

'  RicKler:  Comiit.  rend.  soc.  biol.,  66,  p.  795. 
'  Bottu:  Compt,  rend.  sot.  biol.,  66,  p.  q;;. 

'  This  rcat-ert  contains  3.5  jjrams  of  a-nitrophenylpr<^iolic  acid  and  5  c.c.  of  a  freshly 
prepared  10  per  cent  solution  of  sodium  hydroxide  per  liter. 
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5,  page  50,  and  keep  this  result  in  mind  for  comparison  with  the  results 
obtained  later  with  starch  and  with  dextrin. 

9.  DifFusibility  of  Dextrose. ^Test  the  diffusibility  of  dextrose 
solution  through  animal  membrane,  or  parchment  paper,  making  a 
dialyzer  like  one  of  the  models  shown  in  Fig.  2. 

A  most  satisfactory  dialyzing  bag  may  be  made  of  collodion  as  fol- 
lows: Pour  a  solution  of  collodion  into  a  clean  dry  Erlenmcyer  flask  or 
test-tube.  While  rotating  the  vessel  on  its  longitudinal  axis,  gradually 
pour  out  the  collodion,  at  the  same  time  being  careful  that  the  interior 
surface  of  the  flask  is  completely  coated  with  the  solution.  Continue 
the  rotation  in  the  inverted  position  until  the  collodion  ceases  to  flow. 
After  the  solution  has  evaporated  such  that  the  collodion  skin  on  the  rim 


is  dry  and  stiff,  cut  or  loosen  it  around  the  edge  of  the  rim.     With  a 
pipette  or  wash  bottle  run  in  a  few  cubic  centimeters  of  water  between 
the  membrane  and  the  wall  of  the  flask  or  test-tube.     Shake  the  in- 
clined vessel  while  rotating  on  its  longitudinal  axis,  thus  detaching  the     J" 
membrane.     Now  withdraw  the  detached  bag  and  fill  with  water,  to     e 
determine  whether  or  not  it  contains  defects.^  S 

10.  Moore's  Test.— To  2-3  c.c.  of  sugar  solution  in  a  test-tube  ^~ 
add  an  equal  volume  of  concentrated  KOH  or  NaOH,  and  boil.  The  . 
solution  darkens  and  finally  assumes  a  brown  color.  At  this  point  the  p 
odor  of  caramel  may  be  detected.  This  is  an  exceedingly  crude  tesfV 
and  is  of  little  practical  value.  The  brown  color  is  due  to  the  oxida-  ., 
tion  of  the  dextrose  and  the  resulting  formation  of  the  potassium  or^ 
sodium  salts  of  certain  organic  acids  which  are  formed  as  oxidation 
products. 

11.  Reduction  Tests. — To  their  aldehyde  or  ketone  structure 
many  sugars  owe  the  property  of  readily  reducing  alkaline  solutions 
of  the  oxides  of  metals  like  copper,  bismuth  and  mercury;  they  also 


ited  by  Clark.     Bioch.  Bull., 


198,  191 ■ 


.vGoo 


'^' 


CARBOHYDRATES  3 1 

possess  the  property  of  reducmg  ammoniacal  silver  solutions  with  the 
separation  of  metallic  silver.  Upon  this  property  of  reduction  the 
most  widely  used  tests  for  sugars  are  based.  When  whitish-blue 
cupric  hydroxide  in  suspension  in  an  alkaline  liquid  is  heated  it  is  con- 
verted into  insoluble  black  cupric  oxide,  but  if  a  reducing  agent  like 
certain  sugars  be  present  the  cupric  hydroxide  is  reduced  to  insoluble 
yellow  cuprous  hydroxide,  which  in  turn,  on  further  heating,  may  be 
converted  into  brownish-red  or  red  cuprous  oxide.  These  changes  are 
indicated  as  follows: 

OH 


Cu 

-  Cu-0+H,0. 

\ 

"TbUekV  ' 

OH 

Cupric  hrdtoiide 

(whitish.bliH). 

OH 

/ 

Cu 

\ 

OH 

~ 

-  2Cu— OH+H!( 

Cuproui  hydroxid 

OH 

(y*Uow), 

/ 

Cu 

\ 

OH 

Cu 

Cu— OH 

\ 

] 

—    1      0+H,0. 

Cu— OH 

/ 

Cu 

The  chemical  equations  here  discussed  are  exemplified  in  Trom- 
mer's  and  Fehling's  tests. 

(a)  Trammer's  Test. — To  5  c.c.  of  sugar  solution  in  a  test-tube 
add  one-half  its  volume  of  KOH  or  XaOH.  Mix  thoroughly  and 
add,  drop  by  drop,  a  very  dilute  solution  of  copper  sulphate.  Con- 
tinue the  addition  until  there  is  a  slight  permanent  precipitate  of  cupric 
hydroxide  and  in  consequence  the  solution  is  slightly  turbid.  Heat, 
and  the  cupric  hyilro.xide  is  reduced  to  yellow  cuprous  hydroxide  or 
to  brownish-red  cuprous  oxide.  If  the  solution  of  copper  sulphate  used 
is  too  strong  a  small  brownish-red  precipitate  produced  in  a  weak  sugar 
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solution  may  be  entirely  masked.  On  the  other  hand,  particularly 
in  testing  for  sugar  in  the  urine,  if  too  little  copper  sulphate  is  used  a 
light-colored  precipitate  formed  by  uric  acid  and  purine  bases  may 
obscure  the  brownish-red  precipitate  of  cuprous  oxide.  The  action  of 
KOH  or  NaOH  in  the  presence  of  an  excess  of  sugar  and  insufficient 
copper  will  produce  a  brownish  color.  Phosphates  of  the  alkaline 
earths  may  also  be  precipitated  in  the  alkaline  solution  and  be  mistaken 
for  cuprous  hydroxide.     Trommer's  test  is  not  very  satisfactory. 

Salkowski'  has  very  recently  proposed  a  modification  of  theTrommer 
procedure  which  he  claims  is  a  very  accurate  sugar  test. 

(b)  Fekling's  Test.- — To  about  i  c.c.  of  Fehling's  solution''  in  a 
test-tube  add  about  4  c.c.  of  water,  and  boil.  This  is  done  to  deter- 
mine whether  the  solution  will  of  itself  cause  the  formation  of  a  pre- 
cipitate of  brownish-red  cuprous  oxide.  If  such  a  precipitate  forms, 
the  Fehling's  solution  must  not  be  used.  Add  sugar  solution  to  the 
warm  Fehling's  solution  a  feu.'  drops  at  a  time  and  heat  the  mixture 
after  each  addition.  The  production  of  yellow  cuprous  hydroxide 
or  brownish-red  cuprous  oxide  indicates  that  reduction  has  taken  place. 
The  yellow  precipitate  is  more  likely  to  occur  if  the  sugar  solution  is 
added  rapidly  and  in  large  amount,  whereas  with  a  less  rapid  addition 
of  smaller  amounts  of  sugar  solution  the  brownish-red  precipitate  is 
generally  formed. 

This  is  a  much  more  satisfactory  test  than  Trommer's,  but  even  this 
test  is  not  entirely  reliable  when  used  to  detect  sugar  in  the  urine.  Such 
bodies  as  conjugate  glycuronaks ,  uric  acid,  nucleoprotein  and  homogen- 
lisic  acid  when  present  in  sufficient  amount  may  produce  a  result  simi- 
lar to  that  produced  by  sugar.  Phosphates  of  the  alkaline  earths  may 
be  precipitated  by  the  alkali  of  the  Fehling's  solution  and  in  appearance 
may  be  mistaken  for  cuprous  hydroxide.  Cupric  hydroxide  may  also 
be  reduced  to  cuprous  oxide  and  this  in  turn  be  dissolved  by  creatinine, 
a  normal  urinary  constituent.  This  will  give  the  urine  under  examina- 
tion a  greenish  tinge  and  may  obscure  the  sugar  reaction  even  when  a 
considerable  amount  of  sugar  is  present. 

According  to  Laird*  even  small  amounts  of  creatinine  will  retard 
the  reaction  velocity  of  reducing  sugars  with  Fehling's  solution. 

'  Salkowski;  Zril.  pkyiioL  Ckem.,  79,  164,  igii. 

'  Fchling'b  solution  is  composed  of  two  definite  solutions — a  copper  sulphate  sulution 
and  an  alkaline  tartrale  solution,  which  may  be  prq^ared  as  follon-s; 

Copper  sulphate  iu/iiiien  =  34.65  grams  of  copper  sulphate  dissolved  in  water  and  made 

Alkaline  lartrale  solttlion"  i7s  grama  ot  potassium  hydroxide  and  173  grams  of  Rocheilc 
sail  dissolved  in  water  and  made  up  to  joo  c.c. 

These  solutions  should  be  preserved  separately  in  rubber-stoppered  bottles  and  mixed 
in  equal  volumes  when  needed  for  use.     This  is  done  to  prevent  deli 

'Laird:  JourHol  0} Pathology  ^nd  Baclrriology, 
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(c)  Benedict's  Modifications  of  Fehling's  Test.-^First  Modification.— 
To  2  c.c.  of  Benedict's  solution'  in  a  test-tube  add  6  c.c.  of  distilled 
water  and  7-9  drops  (not  more)  of  the  solution  under  examination. 
Boil  the  mixture  vigorously  for  about  15-30  seconds  and  permit  it  to 
cool  to  room  temperature  spontaneously.  (If  desired  this  process 
may  be  repeated,  although  it  is  ordinarily  unnecessary.)  If  sugar 
is  present  in  the  solution  a  precipitate  will  form  which  is  often  bluish- 
green  or  green  at  first,  especially  if  the  percentage  of  sugar  is  low,  and 
which  usuall)"  becomes  yellowish  upon  standing.  If  the  sugar  present 
exceeds  0.06  per  cent  this  precipitate  generally  forms  at  or  below  the 
boiling-point,  whereas  if  less  than  0.06  per  cent,  of  sugar  is  present  the 
precipitate  forms  more  slowly  and  generally  only  after  the  solution  has 
cooled. 

Benedict  claims,  whereas  the  original  Fehling  test  will  not  serve 
to  detect  sugar  when  present  in  a  concentration  of  less  than  o.i  per 
cent,  that  the  above  modification  will  serve  to  detect  sugar  when 
present  in  as  small  quantity  as  0.015-0.02  per  cent.  Corroboration 
of  this  claim  of  increased  delicacy  has  recently  been  submitted  by 
Harrison. - 

The  modified  Fehling  solution  used  in  the  above  test  differs  from 
the  original  Fehling  solution  in  that  100  prams  of  sodium  cnrb""''^ 
is  substituted  for  the  125  grams  of  potassium  hydroxide  ordinarily  used, 
thus  forming  a  Fehling  solution  which  is  considerably  less  alkaline 
than  the  original.  This  alteration  is  the  composition  of  the  Fehling 
solution  is  of  advantage  in  the  detection  of  sugar  in  the  urine  inasmuch 
as  the  strong  alkalinity  of  the  ordinary  Fehling  solution  has  a  tendency, 
when  the  reagent  is  boiled  with  a  urine  containing  a  small  amount  of 
dextrose,  to  decompose  sufficient  of  the  sugar  to  render  the  detection  of 
the  remaining  portion  exceedingly  difficult  by  the  usual  technic.  Bene- 
dict claims  that  for  this  reason  the  use  of  his  modified  solution  permits 
the  detection  of  much  smaller  amounts  of  sugar  than  does  the  use  of  the 
ordinary  Fehling  solution.  He  has  further  modified  his  solution  for 
use  in  the  quantitative  determination  of  sugar  (see  Chapter  XXII). 

Second  Modification.^ — Very  recently  Benedict  has  further  modi- 
fied his  solution  and  has  succeeded  in  obtaining  one  which  docs  not 

'  Benedict's  modified  Fehling  solution  consists  ot  two  definite  solutions — a  copper  sul- 
phate solution  and  an  alkaline  tartrate  solution,  which  may  be  prepared  as  foUowa: 

Copptr  sulpkale  solution  ^i4.6s  grams  of  copper  sulphate  dissolved  in  water  and   made 

Alkalittf  tariralc  solution -^loa  grams  of  anhydrous  sodium  carbonate  and  lyj  grams  of 
RochcUc  salt  dissolved  in  water  and  made  up  to  500  c.c. 

These  solutions  should  be  preserved  separately  in  rubber-stoppered  bottles  and  mixed 
in  equal  volumes  when  needed  for  use..    This  is  done  to  prevent  deterioration. 

*  Hairison:  Pharm.  Jour.,  87,  7^,  iqi  1. 

•Benedict:  /our.  Am.  iltdy^i'n.,  57,  1193,  1911. 
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deteriorate  upon  long  standing.'  The  following  is  the  procedure  for 
the  detection  of  dextrose  in  solution:  To  6ve  cubic  centimeters  of  the 
reagent  in  a  test-tube  add  eight  (not  more)  drops  of  the  solution  under 
examination.  Boil  the  mixture  vigorously  for  from  one  to  two  minutes 
and  then  allow  the  fluid  to  cool  spontaneously.  In  the  presence  of  dex- 
trose the  entire  body  of  the  solution  will  be  fiUcd  with  a  precipitate,  which 
may  be  red,  yellow  or  green  in  color,  depending  upon  the  amount  of 
sugar  present.  If  no  dextrose  is  present,  the  solution  will  remain  per- 
fectly clear.  (If  urine  is  being  tested,  it  may  show  a  very  faint  tur- 
bidity, due  to  precipitated  urates.)  Even  very  small  quantities  of  dex- 
trose (o.i  per  cent)  yield  precipitates  of  surprising  bulk  with  this 
reagent,  and  the  positive  reaction  for  dextrose  is  the  filling  of  the  entire 
body  of  the  solution  with  a  precipitate,  so  that  the  solution  becomes 
opaque.  Since  amount  rather  than  color  of  the  precipitate  is  made  the 
basis  of  this  test,  it  mav  be  applied  even  for  the  detection  of  small  quan- 
tities of  dextrose,  as  readily  in  artificial  light  as  in  daylight. 

(d)  Boettger's  Test.— To  5  c.c.  of  sugar  solution  in  a  test-tube  add 
I  c.c.  of  KOH  or  NaOH  and  a  very  small  amount  of  bismuth  subni- 
trate,  and  boil.  The  solution  will  gradually  darken  and  finally  as- 
sume a  black  color  due  to  reduced  bismuth.  If  the  test  is  made  on 
urine  containing  albumin  this  must  be  removed,  by  boiling  and  filter- 
ing, before  applying  the  test,  since  with  albumin  a  similar  change  of 
color  is  produced  (bismuth  suJphide). 

(e)  Nylandcr's  Test  (Almens'   Test). — To  5  c.c.  of  sugar  solution 

in  a  test-tube  add  one-tenth  its  volume  of  Nylandcr's  reagent^  and  heat 

for  five  minutes  in  a  boiling  water-bath.^    The  solution  will  darken  if 

reducing  sugar  is  present,  and  upon  standing  for  a  few  moments  a  black 

color  will  appear.     This  color  is  due  to  the  precipitation  of  bismuth. 

If  the  test  is  made  on  urine  containing  albumin  this  must  be  removed, 

by  boiling  and  filtering,  before  applying  the  test,  since  with  albumin  a 

similar  change  of  color  is  produced.     Dextrose  when  present  to  the 

'  Benedict's  new  solution  has  tht  following  composition: 

Copper  sulphate 17.3  grams. 

Sodium  citrate i7j  .0  grams. 

Sodium  carbonate  (anhydrous) 100. o  grams. 

Distilled  water  to  make  i  liter. 
With  the  aid  of  heal  dissolve  the  sodium  citrate  and  carbonate  in  about  600  c.c.  of  water. 
Pour  (through  a  folded  filler  paper  if  ncccssar>')  into  a  glass  graduate  and  makeup  lo  850  c.c. 
Dissolve  the  copper  sulphate  in  about  too  c.c.  of  vrater  and  make  up  to  15a  c.c.  Pour  the 
carbon  a  te-d  Irate  solution  into  a  large  beaker  or  casserole  and  add  the  copper  sulphate  solu- 
tion slowly,  with  constant  stirring.  The  mixed  solution  is  ready  for  use  and  docs  not  dete- 
riorate upon  long  standing. 

'  Nylandcr's  reagent  is  prepared  by  digesting  7  grams  of  bismuth  subnilrate  and  4  grams 
of  RochelJe  salt  in  100  c.c  of  a  10  per  cent  potassium  hydroxide  solution.  The  reagent  is 
then  cooled  and  filtered. 

'  Hammarsten  suggests  that  the  mixture  should  he  boiled  3-5  minutes  (according  to  the 
sugar  content)  over  a  free  flame  and  the  tube  then  permitted  to  stand  5  minutes  before 
drawing  conclusions. 
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extent  of  0.08  per  cent,  may  be  detected  by  this  reaction.  It  is  claimed 
by  Bechold  that  Nylander's  and  Boettger's  tests  give  a  negative  reac- 
tion with  solutions  containing  sugar  when  mercuric  chloride  or  chloro- 
form is  present.  Other  observers'  have  failed  to  verify  the  inhibitory 
action  of  mercuric  chloride  and  have  shown  that  the  inhibitory  influ- 
ence of  chloroform  may  be  overcome  by  raising  the  temperature  of  the 
urine  to  the  boiling-point  for  a  period  of  five  minutes  previous  to  mak- 
ing the  test.  Urines  rich  in  indican,  urochrome,  uroerylkrin  or  kamato- 
porphyrin,  as  well  as  urines  excreted  after  the  ingestion  of  large  amounts 
of  certain  medicinal  substances,  may  give  a  darkening  of  Nylander's 
reagent  similar  to  that  of  a  true  sugar  reaction.  It  is  a  disputed  point 
whether  the  urine  after  the  administration  of  urotropin  wUI  reduce 
Nylander's  reagent.'  Strausz'  has  recently  shown  that  the  urine  of 
diabetics  to  whom  "lothion"  (diiodohydroxypropane)  has  been  admin- 
istered will  give  a  negative  Nylander's  reaction  and  respond  positively 
to  the  Fehling  and  polariscopic  tests.  "lothion"  also  interferes  with 
the  Nylander  test  in  vitro  whereas  KI  and  I  do  not. 

According  to  Rustin  and  Otto,  the  addition  of  PtCU  increases  the 
delicacy  of  Nylander's  reaction.  They  claim  that  this  procedure 
causes  the  sugar  to  be  converted  quantitatively.  No  quantitative 
method  has  yet  been  devised,  however,  based  upon  this  principle. 

Bohmansson*  before  testing  the  urine  under  examination  treats 
it  (10  c.c.)  with  1/5  volume  of  25  per  cent  hydrochloric  add  and  about 
1/2  volume  of  bone  black.  This  mixture  is  shaken  one  minute,  then 
filtered  and  the  neutralized  filtrate  tested  by  Nylander's  reaction. 
Bohmansson  claims  that  this  procedure  removes  certain  interfering 
substances,  in  particular  urochrome. 

A  positive  Nylander  or  Boettger  test  is  probably  due  to  the  follow- 
ing reactions:   ii 

(a)  Bi(OH)2N03+KOH-Bi(OH)3-|-KNOs. 

(b)  1     2Bi(0H)j— 3O— Bij-|-3HjO. 

12.  Fermentation  Test. — "Rub  up"  in  a  mortar  about  20  c.c.  of 
the  sugar  solution  with  a  small  piece  of  compressed  yeast.  Transfer 
the  mixture  to  a  saccharometer  (shown  in  Fig.  3,  p,  36)  and  stand  it 
aside  in  a  warm  place  for  about  twelve  hours.  If  the  sugar  is  ferment- 
able, alcoholic  fermentation  will  occur  and  carbon  dioxide  will  collect 
as  a  gas  in  the  upper  portion  of  the  tube.    On  the  completion  of  fermenta- 

'  Rehfussand  H&vik:  J ourtial  af  Biotogical  Chemistry,  7,  267,  igio^alsoZeidliU:  Upsota 
Laiireforen  Fork.,  N.  F.,  11,  1906. 

•  Abt:  Arckivts  oj  Pediatrics,  24,  jjs,  1907;  also  Weitbrccht;  Schweit.  Wocksehr.,  47, 
S77.  IW>- 

'SlrauBz;  Miinch.  med.  Woch.,  59,  85,  191J. 

'Bohmansson:  Biochem.  Zeit.,  ig,  p.  zSi, 
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tion  iDtroduce  a  little  potassium  hydroxide  solution  into  the  graduated 
portion  by  means  of  a  bent  pipette,  place  the  thumb  tightly  over  the  open- 
ing in  the  apparatus  and  invert  the  saccharometer.  Explain  the  result. 
The  important  findings  of  Neuberg  and  assodates*  recently  re- 
ported indicate  very  clearly  that  the  liberation  of  carbon  dioxide  by 
yeast  is  not  necessarily  a  criterion  of  the  presence  of  sugar.  The  pres- 
ence of  a  new  enzyme  called  carboxylase  has 
been  demonstrated  in  yeast  which  has  the 
power  of  splitting  off  COi  from  the  carboxyl 
group  of  amino  and  other  aliphatic  acids. 

13.  Barfoed's  Test. — Place  about  5  c.c.  of 
Barfoed's  solution*  in  a  test-tube  and  heat  to 
boiling.  Add  dextrose  solution  slowly,  a  few 
drops  at  a  time,  heating  after  each  addition. 
Reduction  is  indicated  by  the  formation  of  a 
red  precipitate.  If  the  precipitate  does  not 
form  upon  continued  boiling  allow  the  tube  to 
stand  a  few  minutes  and  examine.  Sodium 
chloride  interferes  with  the  reaction  (Welker), 

Barfoed's  test  is  not  a  specific  test  for  dex- 
trose as  is  frequently  stated,  but  simply  serves 
to  detect  monosaccharides.  Disaccharides  will 
also  respond  to  the  test,  under  proper  condi- 
tions of  acidity.'  Also  if  the  sugar  solution  is 
boiled  sufficiently  long,  in  contact  with  the  re- 
agent, to  hydrolyze  the  disaccharide  through  the  action  of  the  acetic 
acid  present  in  the  Barfoed's  solution  a  positive  test  results.* 

14.  Formation  of  Caramel. — Gently  heat  a  small  amount  of  pul- 
verized dextrose  in  a  test-tube.  After  the  sugar  has  melted  and  turned 
brown,  allow  the  tube  to  cool,  add  water  and  warm.  The  coloring 
matter  produced  is  known  as  caramel. 

15.  Demonstraticm  of  Optical  Activity. — A  demonstration  of  the 
use  of  the  polariscope,  by  the  instructor,  each  student  being  required 
to  take  readings  and  compute  the  "specific  rotation," 

Use  of  the  Polariscope. 

For  a  detailed  description  of  the  different  forms  of  polariscopes,  the 
method  of  manipulation  and  the  principles  involved,  the  student  is 

'Neuberg  and  .Associates:  Biochem.  ZtUsck.,31,  i;o;  33,  323;  36,  (60,  68,  76),  igii. 

*  Barloed's  solution  is  prepared  as  follows:  Dissolve  4.5  grams  of  neutral  crystallized 
copper  acetate  in  :oo  c.c.  of  water  and  add  i.i  c.c.  of  50  per  cent  acetic  add. 

'  Mathews  and  McGuigan:  Am,  Jour.  Physiol.,  19,  175,  1907. 

•  Hinkle  and  Sherman:  Jour.  Am.  Ckem.  Sac,  39,  i744r  1907- 
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referred  to  any  standard  text-book  of  physics,  A  brief  description  fol- 
lows: An  ordinary  ray  of  light  vibrates  in  every  direction.  If  such  a 
ray  is  caused  to  pass  through  a  "polarizing"  Nicol  prism  it  is  resolved 
into  two  rays,  one  of  which  vibrates  in  every  direction  as  before  and  a 
second  ray  which  vibrates  in  one  plane  only.  This  latter  ray  is  said  to 
be  polarized.  Many  organic  substances  (sugar,  proteins,  etc.)  have  the 
power  of  twisting  or  rotating  this  plane  of  polarized  light,  the  extent  to 
which  the  plane  is  rotated  depending  upon  the  number  of  molecules 


Pic.  4. — 0\E  FoMU  ox 
B,  Mkroscnpe  for  reading  the  scale;  C,  a  ver 
H,  polariainB  Nicol  prism  i 


Lasjrent  Polakiscope. 

liec;  E,  position  of  the  aoalyiing  Nicol  prism; 

1  the  tube  below  this  point. 


which  the  polarized  light  passes.  Substances  which  possess  this  power 
are  said  to  be  "optically  active."  The  specific  rotation  of  a  substance  is 
the  rotation  expressed  in  degrees  which  is  afforded  by  one  gram  of  sub- 
stance dissolved  in  i  c.c.  of  water  in  a  tube  one  decimeter  in  length. 
The  specific  rotation,  (a)„,  may  be  calculated  by  means  of  the  following 
formula, 


Wo- 


p-f 


f  liquid. 


in  which 

D=sodiuin  light, 

«  =  observed  rotation  in  degrees. 

^  =  grams  of  substance  dissolved  in  i  c.c.  i 

/  =  length  of  the  tube  in  decimeters. 
If  the  specific  rotation  has  been  determined  and  it  is  desired  to  ascer- 
tain the  per  cent  of  the  substance  in  solution,  this  may  be  obtained  by 
the  use  of  the  following  formula. 
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The  value  of  p  mulUplied  by  loo  will  be  the  percentage  of  the  sub- 
stance in  solution. 

An  instrument  by  means  of  which  the  extent  of  the  rotation  may 
be  determined  is  called  a  polariscope  or  polarimeler.     Such  as  instru- 
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FlC,    5- — DfACMAUMATIC   REPRESEVTATION    OF  THE   COL'ltSE  OF  THE  LiGHT  T 

Laureni  Polakiscopb.     (The  direction  is  reversed  from  ihat  of  F[g.  4,  p.  37.) 
a,  Bichromate  plate  to  purify  the  light;  4,  the  poiarixing  Nico!  prism;  f,  a  thin  quartz 
plate  covering  one-half  the  lield  atld  essential  in  producing  a  second  polarized  plane;  d,  tube 
to  contain  the  liquid  under  examination;  r,  the  analyzing  Nicol  prism;/ and  g,  oculai  lenses. 

ment  designed  especially  for  the  examination  of  sugar  solutions  is 
termed  a  sacckarimeler  or  polarizing  saccharimeter.  The  form  of  polari- 
scope in  Fig.  4,  p,  37,  consists  essentially  of  a  long  barrel  provided  with 


Fir.,  b. — Polariscope  (Schmidt  and  Haensch  Model). 


a  Nicol  prism  at  either  end  (Fig.  5,  above).  The  solution  under  exam- 
ination is  contained  in  a  tube  which  is  placed  between  these  two  prisms. 
At  the  front  end  of  the  instrument  is  an  adjusting  eyepiece  for  focusing 
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and  a  large  recording  disc  which  registers  in  degrees  and  fractions  of  a 
degree.  The  light  is  admitted  into  the  far  end  of  the  instrument  and  is 
polarized  by  passing  through  a  Nicol  prism.  This  polarized  ray  then 
traverses  the  column  of  liquid  within  the  tube  mentioned  above  and 
if  the  substance  is  optically  active  the  plane  of  the  polarized  ray  is 
rotated  to  the  right  or  left.  Bodies  rotating  the  ray  to  the  right  are 
called  dextro-rotatory  and  those  rotating  it  to  the  left  lavo-rolaiory. 

Within  the  apparatus  is  a  disc  which  is  so  arranged  as  to  be  without 
lines  and  uniformly  light  at  zero.  Upon  placing  the  optically  active 
substance  in  position,  however,  the  plane  of  polarized  light  is  rotated 
or  turned  and  it  is  necessary  to  rotate  the  disc  through  a  certain  number 
of  degrees  in  order  to  secure  the  normal  conditions,  i.  e.,  "  without  lines 
and  uniformly  light."  The  difference  between  this  reading  and  the 
2ero  is  «  or  the  observed  rotation  in  degrees. 

Polarizing  saccharimeters  are  also  constructed  by  which  the  per- 
centage of  sugar  in  solution  is  determined  by  making  an  observation 
and  multiplying  the  value  of  each  division  on  a  horizontal  sliding  scale 
by  the  value  of  the  division  expressed  in  terms  of  dextrose.  This 
factor  may  vary  according  to  the  instrument. 

"Optical"  methods  embracing  the  determination  of  the  optical 
activity  are  being  utilized  in  recent  years  in  many  "quantitative" 
connections.* 

CHjOH 

I 
L*VULOSE.   (CHOH),. 

I 
CO 

I 

CHjOH 

As  already  stated,  la;vuIose,  sometimes  called  fructose  or  fruit  sugar, 
occurs  widely  disseminated  throughout  the  plant  kingdom  in  company 
with  dextrose.  Its  reducing  power  is  somewhat  weaker  than  that  of 
dextrose.  L^vulosc  does  not  ordinarily  occur  in  the  urine  in  diabetes 
mellitus,  but  has  been  found  in  exceptional  cases.  With  phenylhydrazine 
it  forms  the  same  osazone  as  dextrose.  With  methylphenylhydrazine, 
lievulose  forms  a  characteristic  methylphenylla;vulosazone. 

(For  a  further  discussion  of  la;vulose  see  the  section  on  Hexoses, 
p.  26.) 

'  Abderhalden  and  Schmidt:  "  Dciernunation  of  blood  content  by  means  of  ihe  optical 
method,"  Z«i(.  physiol.  Ckcm,  66, 120.  1910;  also  C.  NeubciK; "  Determination  of  Duclcic  add 
cleavage  by  polanzalion,"  Biochemische  Zeitschrifl,  30,  505,  1911. 
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Experiments  on  L^vulose. 

1-13.  Repeat  these  experiments  as  given  under  Dextrose,  pages 
27-36. 

14.  Seliwanoffs  Reacticm.— To  5  c.c.  of  Seliwanoff's  reagent'  in  a 
test-tube  add  a  few  drops  of  a  laevulose  solution  and  heat  the  mixture 
to  boiling.  A  positive  reaction  is  indicated  by  the  production  of  a 
red  color  and  the  separation  of  a  red  precipitate.  The  latter  may  be 
dissolved  in  alcohol  to  which  it  will  impart  a  striking  red  color. 

If  the  boiling  be  prolonged  a  similar  reaction  may  be  obtained  with 
solutions  of  dextrose  or  maltose.  This  has  been  explained^  in  the  case 
of  dextrose  as  due  to  the  transformation  of  the  dextrose  into  Ifevulosc 
by  the  catalytic  action  of  the  hydrochloric  acid.  The  precautions  neces- 
sary for  a  positive  test  for  jjevulose  are  as  follows:  The  concentration 
of  the  hydrochloric  acid  must  not  be  more  than  iz  per  cent.  The  reac- 
tion (red  color),  and  the  precipitate  must  be  observed  after  not  more 
than  20-30  seconds  boiling.  Dextrose  must  not  be  present  in  amounts 
exceeding  2  per  cent.  The  precipitate  must  be  soluble  in  alcohol  with 
a  bright  red  color. 

15.  Borcbardfs  Reaction. — To  about  5  c.c.  of  a  solution  of  Iievu- 
lose  in  a  test-tube  add  an  equal  volume  of  25  per  cent  hydrochloric  acid 
and  a  few  crystals  of  resorcinol.  Heat  to  boiling  and  after  the  produc- 
tion of  a  red  color,  cool  the  tube  under  running  water  and  transfer  to 
an  evaporating  dish  or  beaker.  Make  the  mixture  slightly  alkaline 
with  solid  potassium  hydroxide,  return  it  to  a  test-tube,  add  2-3  c.c. 
of  acetic  ether  and  shake  the  tube  vigorously.  In  the  presence  of 
Isevulose,  the  acetic  ether  is  colored  yellow.  {For  further  discussion  of 
the  test  see  Chapter  XIX.) 

16.  Fonnation  of  Methylphenylleevulosazone. — To  a  solution  of 
1.8  grams  of  Isevulose  in  10  c.c.  of  water  add  4  grams*  of  methylphcnyl- 
hydrazine  and  enough  alcohol  to  clarify  the  solution.  Introduce  4  c.c. 
of  50  per  cent  acetic  acid  and  heat  the  mixture  for  5-10  minutes  on  a 
boiling  water-bath.*  On  standing  15  minutes  at  room  temperature, 
crystallization  begins  and  is  complete  in  two  hours.  By  scratching 
the  sides  of  the  flask  or  by  inoculation,  the  solution  quickly  congeals 
to  form  a  thick  paste  of  reddish-yellow  silky  needles.  These  are  the 
crystals  of  methyl pbenyllaroulosazone.  They  may  be  recrystallized 
from  hot  95  per  cent  alcohol  and  melt  at  153°  C. 

'  Seliwanoff's  reagent  may  be  prepared  by  dissolving  0.05  gram  ai  resoriiiiul  in  100  c.c. 
oF  dilute  (i  ;  1)  hydrochloiic  acid. 

'  Koenigsfeld:  Biack,  Zcil..  38,  311,  igii, 
'  ,1.66  fifams  if  absolutely  pure. 
'Longer  healing  is  to  be  avoided. 
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CHjOH 
I 
GALACTOSE,  (CHOH),. 
I 
CHO 

Galactose  occurs  with  dextrose  as  one  of  the  products  of  the  hydro- 
lysis of  lactose.  It  is  dextro-rotatory,  forms  an  osazone  with  phenyl- 
hydrazine  and  ferments  slowly  with  yeast.  Upon  oxidation  with  nitric 
acid  galactose  yields  mucic  add.  thus  differentiating  this  monosac- 
charide from  dextrose  and  lievulose.  Lactose  also  yields  mucic  acid 
under  these  conditions.  The  mucic  acid  test  may  be  used  in  urine 
examination  to  differentiate  lactose  and  galactose  from  other  reducing 
sugars.     The  assimilation  limit  for  galactose  is  30-40  grams.' 

Experiments  on  Galactose, 

1.  ToUens*  Reaction.- — To  equal  volumes  of  galactose  solution  and 
hydrochloric  acid  {sp.  gr.  r.09)  add  a  Httle  phloroglucinol,  and  heat  the 
mixture  on  a  boiling  water-bath.  Galactose,  pentose  and  glycuronic 
acid  will  be  indicated  by  the  appearance  of  a  red  color.  Galactose 
may  be  differentiated  from  the  two  latter  substances  in  that  its  solutions 
exhibit  no  absorption  bands  upon  spectroscopical  examination. 

2.  Mucic  Acid  Test. — Treat  100  c.c.  of  the  solution  containing 
galactose  with  20  c.c.  of  concentrated  nitric  acid  {sp.  gr.  1.4)  and  evapo- 
rate the  mixture  in  a  broad,  shallow  glass  vessel  on  a  boiling  water- 
bath  until  the  volume  of  the  mixture  has  been  reduced  to  about  20  c.c. 
At  this  point  the  fluid  should  be  clear,  and  a  fine  white  precipitate  of 
mucic  acid  should  form.  If  the  percentage  of  galactose  present  is  low 
it  may  be  necessary  to  cool  the  solution  and  permit  it  to  stand  for  some 
time  before  the  precipitate  will  form.  It  is  impossible  to  differentiate 
between  galactose  and  lactose  by  this  test,  but  the  reaction  serves  to 
differentiate  these  two  sugars  from  all  other  reducing  sugars.  Differ- 
entiate lactose  from  galactose  by  means  of  Barfoed's  test  (p.  36). 

3.  Phenylhydrazine  Reaction. — Make  the  test  according  to  direc- 
tions given  under  Dextrose,  3  or  4,  pages  28  and  29. 

Pentoses,  CjHioOs. 

In  plants  and  more  particularly  in  certain  gums,  very  complex  car- 
bodydrates,  called  pentosans  (see  p.  55),  occur.  These  pentosans  through 
hydrolysis  by  acids  may  be  transformed  into  pentoses.  Pentoses  do 
not  ordinarily  occur  in  the  animal  organism,  but  have  been  found  in 

'  Brasch:  Zeitschrifl  fiir  Hiii/i'nie,  50,  113.  1907. 
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the  urine  of  morphine  habitues  and  others,  their  occurrence  sometimes 
being  a  persistent  condition  without  known  cause.  They  may  be  ob- 
tained from  the  hydrolysis  of  nudeoproteins  being  present  in  the  nucleic 
acid  complex  of  the  molecule.  Pentoses  are  non- fermentable,  have 
strong  reducing  power  and  form  osazones  with  phenylhydrazine.  Pen- 
toses arc  an  important  constituent  of  the  dietary  of  herbivorous  animals. 
Glycogen  is  said  to  be  formed  after  the  ingestion  of  these  sugars  con- 
taining five  oxygen  atoms.  This,  however,  has  not  been  conclusively 
proven.  On  distillation  with  strong  hydrochloric  acid  pentoses  ami 
pentosans  >-ield  furfurol,  which  can  be  detected  by  its  characteristic 
red  reaction  with  aniline-acetate  paper. 

CH2OH 

ARABINOSE,   (CHOH)^. 
I 
CHO 

Arabinose  is  one  of  the  most  important  of  the  pentoses.  The  /- 
arabinose  may  be  obtained  from  gum  arable,  plum  or  cherry  gum  by 
boiling  for  10  minutes  with  concentrated  hydrochloric  acid.  This 
pentose  is  dextro-rotatory,  forms  an  osazonc  and  has  reducing  power, 
but  does  not  ferment.  The  I'-arabinose  has  been  isolated  from  the 
urine  and  yields  an  osazone  which  melts  at  i66''-i68°  C. 

Experiments  on  Arabinose. 

1.  Bial's  Reaction.* — To  5  c.c.  of  Bial's  reagent'  in  a  test-tube 
add  2-3  c.c.  of  the  arabinose  solution  and  heat  the  mixture  gently  until 
the  first  bubbles  rise  to  the  surface.  Immediately  or  upon  coohng  the 
solution  becomes  green  and  a  floccuient  precipitate  of  the  same  color 
may  form.  (For  further  discussion  see  Chapter  XIX).  The  test  may 
also  be  performed  by  adding  the  pentose  to  the  hot  reagent. 

2.  ToUens'  Reaction. — To  equal  volumes  of  arabinose  solution 
and  hydrochloric  acid  (sp.  gr.  1.09)  add  a  little  phloroglucinol  and  heat 
the  mixture  on  a  boiling  water-bath.  Galactose,  pentose  or  giycuronic 
add  will  be  indicated  by  the  appearance  of  a  red  color.  To  differentiate 
between  these  bodies  make  a  spectroscopic  examination  and  look  for 
the  absorption  band  between  D  and  E  given  by  pentoses  and  giycuronic 
acid.  Differentiate  between  the  two  latter  bodies  by  the  melting- 
points  of  their  osazones. 

'  Biol:  Deut.  mcd.  Wocli.,  2S,  jfi,  igoj. 
'  Ordnd . 1.5  gram. 

Fuming  HCl. , 300  grams. 

Ferric  chloride  (10  per  cent)   .  10-3Q  drops. 
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Compare  the  reaction  with  that  obtained  with  galactose  (page  41). 

3,  OrcinolTest. — Repeat  1,  using  orcinol  instead  of  phloroglucinol. 
A  succession  of  colors  from  red  through  reddish-blue  to  green  is  pro- 
duced. A  green  precipitate  is  formed  which  is  soluble  in  amyl  alcohol 
and  has  absorption  bands  between  C  and  D. 

4.  Phenylhydrazine  Reaction. — rMake  this  test  on  the  arabinose 
solution  according  to  directions  given  under  Dextrose,  3  or  4,  pages 
38  and  29. 

CHjOH 

XYLOSE,  (CHOH)a. 

I 
CHO 

Xylose,  or  wood  sugar,  is  obtained  by  boiling  wood  gums  with  dilute 
acids  as  explained  under  Arabinose,  page  43.  It  is  dextro-rotatory, 
forms  an  osazonc  and  has  reducing  power,  but  does  not  ferment. 

Experiments  on  Xylose. 
I--4,  Same  as  for  arabinose  (see  above). 

RHAMNOSE,  CeHiaOs- 

Rhamnose  or  methyl-pentose  is  an  example  of  a  true  carbohydrate 
which  does  not  have  the  H  and  0  atoms  present  in  the  proportion  to 
form  water.  Its  formula  is  CdlizOf.  It  has  been  found  that  rham- 
nose when  ingested  by  rabbits  or  hens  has  a  positive  influence  upon  the 
formation  of  glycogen  in  those  organisms. 

DISACCHAHIDES,  CuHjiOi,. 

The  disaccharides  as  a  class  may  be  divided  into  two  rather  dis- 
tinct groups.  The  first  group  would  include  those  disaccharides  which 
are  found  in  nature  as  such,  e.  g..  sucrose  and  lactose  and  the  second 
group  would  include  those  disaccharides  formed  in  the  hydrolysis  of 
more  complex  carbohydrates,  e.  g.,  maltose,  and  isq-maltose. 

The  disaccharides  have  the  general  formula  CuHmOu,  to  which, 
in  the  process  of  hydrolysis,  a  molecule  of  water  is  added  causing  the 
single  disaccharide  molecule  to  split  into  two  monosaccharide  (hexose) 
molecules.  The  products  of  the  hydrolysis  of  the  more  common  di- 
saccharides are  as  follows: 

Maltose  =  dextrose  4-dextrose. 
Lactose  =  dex  trose+galactose. 
Sucrose  =  dextrose+la;vulose. 
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All  of  the  more  common  disaccharides  except  ittcrose  have  the  power 
of  reducing  certain  metallic  oxides  in  allialine  solution,  notably  those 
of  copper  and  bismuth.  This  reducing  power  is  due  to  the  presence 
of  the  aldehyde  group  (- — CHO)  in  the  sugar  molecule. 

MALTOSE,  CijHitiOii. 

Maltose  or  malt  sugar  is  formed  in  the  hydrolysis  of  starch  through 
the  action  of  an  enzyme,  vegetable  amylase  (diastase),  contained  in  sprout- 
ing barley  or  malt.  Certain  enzymes  in  the  saliva  and  in  the  pancreatic 
juice  may  also  cause  a  similar  hydrolysis.  Maltose  is  also  an  intermedi- 
ate product  of  the  action  of  dilute  mineral  acids  upon  starch.  It  is 
strongly  dextro-rotatory,  reduces  metallic  oxides  in  alkaline  solution 
and  is  fermentable  by  yeast  after  being  inverted  (see  Pol>'saccharide5, 
page  47)  by  the  enzyme  maltose  of  the  yeast.  In  common  with  the  other 
disaccharides,  maltose  may  be  hydrolyzed  with  the  formation  of  two 
molecules  of  monosaccharide.  In  this  instance  the  products  are  two 
molecules  of  dextrose.  With  phenylhydrazin  maltose  forms  an  osa- 
zone,  maltosazone.  The  following  formula  represents  the  probable 
structure  of  maltose: 

CHjOH  CHO 

I  I 

CHOH  CHOH 

I  I 

CHO  CHOH 
I       I    I 

CHOH  CHOH 

i       i    I 
CHOH      CHOH 

C C — CH, 


Experiments  on  Maltose. 

1-13.  Repeat  these  experiments  as  given  under  Dextrose,  pages  27-36. 

ISO-MALTOSE,  CuHmOh. 

Iso-maltosc,  an  isomeric  form  of  maltose,  is  formed,  along  with  mal- 
tose by  the  action  of  diastase  upon  starch  paste,  and  also  by  the  action 
of  hydrochloric  acid  upon  dextrose.  It  also  occurs  with  maltose  as  one 
of  the  products  of  salivary  digestion.  It  is  dextro-rotatory  and  with 
phenylhydrazine  gives  an  osazone  which  is  characteristic.     Iso-maltose 
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is  very  soluble  and  reduces  the  oxides  of  bismuth  and  copper  in  alkaline 
solution.     Pure  iso-maltose  is  probably  only  slightly  fermentable. 

LACTOSE,  CisH„0„. 

Lactose  or  milk  sugar  occurs  ordinarily  only  in  milk,  but  has  often 
been  found  in  the  urine  of  women  during  pregnancy  and  lactation.  It 
may  also  occur  In  the  urine  of  normal  persons  after  the  ingestion  of 
unusually  large  amounts  of  lactose  in  the  food.  It  has  a  strong  reducing 
power,  is  dextro-rotatory  and  forms  an  osazone  with  phenylhydrazine. 
Upon  hydrolysis  lactose  yields  one  molecule  of  dextrose  and  one  molecule 
of  galactose. 

In  the  souring  of  milk  the  bacterium  laclis  and  certain  other  micro- 
organisms bring  about  lactic  acid  fermentation  by  transforming  the  lac- 
tose of  the  milk  into  lactic  acid. 

H      OH 

I      i 

H— C  — C— COOH. 

I        I 
H     H 

and  alcohol.  This  same  reaction  may  occur  in  the  alimentary  canal  as 
the  result  of  the  action  of  putrefactive  bacteria.  In  the  preparation  of 
keph>T  and  koumyss  the  lactose  of  the  milk  undergoes  alcoholic  fermen- 
tation, through  the  action  of  ferments  other  than  yeast,  and  at  the  same 
time  lactic  acid  is  produced.  Lactose  and  galactose  yield  muck  acid  on 
oxidation  with  nitric  acid.  This  fact  is  made  use  of  in  urine  analysis  to 
facilitate  the  differentiation  of  these  sugars  from  other  reducing  sugars. 
Lactose  is  not  fermentable  by  pure  yeast. 

Experiments  on  Lactose. 

1-13.  Repeattheseexperimentsasgiven  under  Dextrose,  pages  27-36. 

1^.  Mucic  Acid  jEaL=r-Treat  loo  c.c.  of  the  solution  containing 
lactose  with  20  c.c.  of  concentrated  nitric  acid  (sp.  gr.  i  .4)  and  evaporate 
the  mixture  in  a  broad,  shallow  glass  vessel  on  a  boiling  water-bath,  until 
the  volume  of  the  mixture  has  been  reduced  to  about  20  c.c.  At  this 
point  the  fluid  should  be  clear,  and  a  fine  white  precipitate  of  muck  acid 
should  form.  If  the  percentage  of  lactose  present  is  low  it  may  be  neces- 
sary to  cool  the  solution  and  permit  it  to  stand  for  some  time  before  the 
precipitate  will  appear.  It  is  impossible  to  differentiate  between  lactose 
and  galactose  by  this  test,  but  the  reaction  serves  to  differentiate  these 
two  sugars  from  all  other  reducing  sugars. 
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Differentiate  lactose  from  galactose  by  means  of  Barfoed's  test, 
page  36. 

SUCROSE,  CuHmOh. 

Sucrose,  also  called  saccharose  or  cane  sugar,  is  one  of  the  most 
important  of  the  sugars  and  occurs  very  extensively  distributed  in  plants, 
particularly  in  the  sugar  cane,  sugar  beet,  sugar  millet  and  in  certain 
palms  and  maples. 

Sucrose  is  dextro-rotatory  and  upon  hydrolysis,  as  before  mentioned, 
the  molecule  of  sucrose  takes  on  a  molecule  of  water  and  breaks  down 
into  two  molecules  of  monosaccharide.  The  monosaccharides  formed  in 
this  instance  are  dextrose  and  laevulose.     This  is  the  reaction : 


This  process  is  called  inversion  and  may  be  produced  by  bacteria,  en- 
zymes, and  certain  weak  adds.  After  this  inversion  the  previously 
strongly  dextro-rotatory  solution  becomes  lievo-rotatory.  This  is  due 
to  the  fact  that  the  Isevulose  molecule  is  more  strongly  Ijevo- rotatory 
than  the  dextrose  molecule  is  dextro-rotatory.  The  product  of  this 
inversion  is  called  invert  sugar. 

Sucrose  does  noi  reduce  metallic  oxides  in  alkaline  solution  and  forms 
no  osazone  with  phenylhydrazine.  It  is  not  fermentable  directly  b>' 
yeast,  but  must  first  be  inverted  by  the  enzyme  sucrose  (invertase  or 
invertin)  contained  in  the  yeast.  The  probable  structure  of  sucrose  may 
be  represented  by  the  following  formula.  Note  the  absence  of  any 
free  ketone  or  aldehyde  group. 

CHjOH      CHiOH 
I  I 

CHOH      CHO 
I  I 

CHO       CHOH 
'  I    ■   : 

CHOH      CHOH 
I  I 

CHOH      C 
I  ( 

C      0    CHjOH 


Experiments  on  Sucrose. 

1-13.  Repeat  these  experiments  according  to  the  directions  given 
under  Dextrose,  pages  27-36. 
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14.  Inver^^on  of  Sucrose. — To  25  c.c.  of  sucrose  solution  in  a 
beaker  add  5  drops  of  concentrated  HCI  and  boil  one  minute.     Cool 
the  solution,  render  alkaline  with  solid  KOH  and  upon  the  resulting  fluid 
repeat  experiments  3  (or  4)  and  11  as  given  under  Dextrose,  pages  28-30.  , 
Explain  the  results.  1  *-c   ^   tr*<«^    ->jjL-._«^-t  jt  M-^ 

15.  Production  of  Alcohol  by  Fennentation. — Prepare  a  strong 
(10-20  per  cent)  solution  of  sucrose,  add  a  small  amount  of  egg  albumin 
or  commercial  peptone  and  introduce  the  mixture  into  a  bottle  of  appro- 
priate size.    Add  yeast,  and  by  means  of  a 
bent  tube  inserted  through  a  stopper  into  the 
neck  of  the  bottle,  conduct  the  escaping  gas 
into  water.    As  fermentation  proceeds  readily 
in  a  warm  place  the  escaping  gas  may  be 
collected  in  a  eudiometer  tube  and  examined. 
When  the  activity  of  the  yeast  has  practically 
ceased,  filter  the  contents  of  the  bottle  into  a 
flask  and  distil  the  mixture.     Catch  the  first 

portion  of  the  distillate  separately  and  test  „  ,  , ,        ... 

f        ,     ,    ,,  fi       -  ■  Fig. 7— Iodoform.  [Autetintih.) 

for  alcohol  by  one  of  the  following  reactions: 

(a)  Tedifform  T^esL — Render  2-3  c.c.  of  the  distiUate  alkaline  with 
potassium  hydroxide  solution  and  add  a  few  drops  of  iodine  solution. 
Heat  gently  and  note  the  formation  of  iodoform  crystals.  Examine  these 
crystals  under  the  microscope  and  compare  them  with  those  in  Fig.  7. 

{b)  Aldehyde  Te^i, — Place  5  c.c.  of  the  distillate  in  a  test-tube,  add  a 
few  drops  of  potassium  dichromate  solution,  KjCrjO?,  and  render  it  acid  Sl-.- —  , 
with  dilute  sulphuric  acid.     Boil  the  acid  solution  and  note  the  odor  of 
aldehyde. 

TRISACCHARIDES,  C,bH,jO,». 
RAFFINOSE. 

This  trisaccharide,  also  called  melitose,  or  melitriose  occurs  in  cotton 
seed,  Australian  manna,  and  in  the  molasses  from  the  preparation  of 
beet  sugar.  It  is  dextro-rotatory,  does  not  reduce  FehJing's  solution,  and 
is  only  partly  fermentable  by  yeast. 

Raffinose  may  be  hydrolyzed  by  weak  acids  the  same  as  the  poly- 
saccharides are  hydrolyzed,  the  products  being  laevulose  and  melibiose; 
further  hydrolysis  of  the  melibiose  yields  dextrose  and  galactose. 

POLYSACCHARIDES,  (CsHuOs).. 

In  general  the  polysaccharides  are  amorphous  bodies,  a  few,  how- 
ever, are  crystallizable.     Through  the  action  of  certain  enzymes  or 


// 
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weak  acids  the  polysaccharides  may  be  hydrolyzed  with  the  formation 
of  monosaccharides.  As  a  class  the  polysaccharides  are  quite  insoluble 
and  are  non-fermentable  until  inverted.  By  inversion  is  meant  the 
hydrolysis  of  disaccharide  or  polysaccharide  sugars  to  form  monosaccha- 
rides, as  indicated  in  the  following  equations  : 

(a)  CiiH„0,i+HiO-2(C«Hi,08). 

(b)  CtHioOi+HjO— C»HiiO«. 

STARCH,  (CeHioOr)»- 

Starch  is  widely  distributed  throughout  the  vegetable  kingdom, 
occurring  in  grains,  fruits,  and  tubers.  It  occurs  in  granular  form,  the 
microscopical  appearance  being  typical  for  each  individual  starch. 
The  granules,  which  differ  in  size  according  to  the  source,  are  composed 
of  alternating  concentric  rings  of  granulose  and  cellulose.  Ordinary 
starch  is  insoluble  in  cold  water,  but  if  boiled  with  water  the  cell  walls 
are  ruptured  and  slarch  paste  results.  In  general  starch  gives  a  blue 
color  with  iodine. 

Starch  is  acted  upon  by  amylases,  e.  g.,  salivary  amylase  (piyalin) 
and  pancreatic  amylase  (amylopsin),  with  the  formation  of  soluble 
starch,  crythro-dextrin,  achroo-dextrins,  maltose,  iso-maltose  and  dextrose 
{see  Sahvary  Digestion,  page  6i),  Maltose  is  the  principal  end-prod- 
uct of  this  enzyme  action.  Upon  boiling  a  starch  solution  with  a 
dilute  mineral  acid  a  series  of  similar  bodies  is  formed,  but  under  these 
conditions  dextrose  is  the  principal  end-product. 

Experiments  on  Starch. 

1.  Preparation  of  Potato  Starch.^ — Pare  a  raw  potato,  comminute  it 
upon  a  fine  grater,  mix  with  water,  and  "whip  up"  the  pulped  material 
vigorously  before  straining  it  through  cheese  cloth  or  gauze  to  remove 
the  coarse  particles.  The  starch  rapidly  settles  to  the  bottom  and  can 
be  washed  by  repeated  decantation.  Allow  the  compact  mass  of  starch 
to  drain  thoroughly  and  spread  it  out  on  a  watch  glass  to  dry  in  the 
air.  If  so  desired  this  preparation  may  be  used  in  the  experiments 
which  follow. 

2.  Microscopical  Examination. — Examine  microscopically  thegran- 
ules  of  the  various  starches  submitted  and  compare  them  with  those 
shown  in  Figs.  8-18,  page  49.  The  suspension  of  the  granules  in  a  drop 
of  water  will  facilitate  the  microscopical  examination. 

3.  SolubiliQr. — Try  the  solubility  of  one  form  of  starch  in  each  of 
theordinarysoIvents(seepage27).  If  uncertain  regarding  the  solubility 
in  any  reagent,  filter  and  test  the  filtrate  with  iodine  solution  as  given 
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Bunder  5  below.     The  production  of  a  blue  color  would  indicate  that  the 

'  starch  had  been  tlissolved  by  the  solvent. 

_^.  Iodine  Test. — Place  a  few  granules  of  starch  in  one  of  the  depres- 
sions of  a  porcelain  test-tablet  and  treat  with  a  drop  of  a  dilute  solution 
of  iodine  in  potassium  iodide.  The  granules  are  colored  blue  due  to  the 
formation  of  so-called  iodide  of  starch.  The  cellulose  of  the  granule  is 
not  stained  as  may  be  seen  by  examining  microscopically. 

5.  Iodine  Test  on  Starch  Paste.' — Repeat  the  iodine  test  using  the 
starch  paste.  Place  2-3  c.c.  of  starch  paste'  in  a  test-tube,  add  a  drop 
of  the  dilute  iodine  solution  and  observe  the  production  of  a  blue  color. 
Heal  the  tube  and  note  the  disappearance  of  the  color.  It  reappears  on 
cooling.   ^/L-    , 

In  similarnests  note  the  influence  of  alcoh,ol_and  of  alkaU  upon  the 
so-called  iodide  of  starch.  Lj-^.t— -f-^  j     1;:*---^,, 

The  composition  of  the  iodide  of  starch  is  not  definitely  known. 

6.  Fehling's Test. — On  starch  paste  (see  page  32).  'B  ,.->  ,-,JC  wl 

2-  Hydrolysis  of  Starch. — Place  about  35  c.c.  of  starch  paste  in  a,^. 
small  beaker,  add  10  drops  of  concentrated  HCl,  and  boil.     By  means  of 
a  small  pipette,  at   the  end  of  each  minute,  remove   a  drop  of   the 
solution  to  the  test-tablet  and  make  the  regular  iodine  test.     As  the 
testing  proceeds  the  blue  color  should  gradually  fade  and  finally  disap- 
pear.    At  this  point,  after  cooling  and  neutralizing  with  solid  KOH,      V 
Fehling's  test  (see  page  32)  shouldgiveapositiveresult  due  to  the  forma-    J 
tion  of  a  reducing  sugar  from  the  starch.     Make  the  phenylhydrazineV^ 
test  upon  some  of  the  hydrolyzed  starch.     What  sugar  has  been  formed!*^ 

8.  Influence  of  Tannic  Acid. — Add  an  excess  of  tannic  add  solution 
to  a  small  amount  of  starch  paste  in  a  test-tube.  The  liquid  will  become 
strongly  opaque  and  ordinarily  a  yellowish-white  precipitate  is  pro- 
duced. Compare  this  result  with  the  result  of  the  similar  experiment 
on  dextrin  (page  ^^). 

g.  DifFusibility  of  Starch  Paste.— Test  the  diffusibility  of  starch 
paste  through  animal  membrane,  parchment  paper  or  collodion,  making         1 
a  dialyzer  like  one  of  the  models  shown  in  Fig.  2,  page  30.  I 

mULIN,  (CfiHioOs),  I 

Inulin  is  a  polysaccharide  which  may  be  obtained  as  a  white,  odorless, 
tasteless  powder  from  the  tubers  of  the  artichoke,  elecampane,  or  dahlia. 

'  Frcparathn  of  Sinrch  Pai/r.— Grind  i  grams  of  starch  powder  in  a  morUir  with  a  small 
amount  of  cold  water.  Bring  loa  c.c.  at  nater  to  the  boiling-point  and  add  the  starch  mix- 
ture from  the  mortar  with  continuous  stirring.  Bring  again  to  the  boiling-point  and  allow 
it  to  cool.  This  makes  an  aiipronimale  i  per  cent  atardi  paste  which  is  a  very  satisfactory 
3lren|!th  for  general  use, 

•  For  this  particular  test  a  starch  paste  of  very  satisfactory  strength  may  be  made  by 
mixing  I  c.c.  of  a  i  per  cent  starch  paste  with  100  c.c.  of  water. 
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It  has  also  been  prepared  from  the  roots  of  chicory,  dandelion,  and  bur- 
dock. It  is  very  slightly  soluble  in  cold  water  and  quite  easily  soluble  in 
hot  water.  In  cold  alcohol  of  60  per  cent  or  over  it  is  practically  in- 
soluble. Inulin  gives  a  negative  reaction  with  iodine  solution.  The 
"yellow"  color  reaction  with  iodine  mentioned  in  many  books  is  doubt- 
less merely  the  normal  color  of  the  iodine  solution.  It  Is  very  difficult 
to  prepare  inulin  which  does  not  reduce  Fehling's  solution  slightly. 
This  reducing  power  may  be  due  to  an  impurity.  Practically  all  com- 
mercial preparations  of  inulin  possess  considerable  reducing  power. 

Inulin  is  l£Evo-rotatory  and  upon  hydrolysis  by  acids  or  by  the  enzyme 
inuiase  it  yields  the  monosaccharide  IegvtiIosc  which  readily  reduces 
Fehling's  solution.  The  ordinary  amylolytic  enzymes  occurring  in  the 
animal  body  do  not  digest  inulin.  A  small  part  of  the  ingested  inulin 
may  be  hydrolyzed  by  the  acid  gastric  juice,  but  Lewis'  has  recently 
shown  that  "the  value  of  inulin  as  a  significant  source  of  energy  in 
human  dietaries  must  be  questioned." 

Experiments  on  Inulin. 

1.  Solubili^. — Try  the  soIubiUty  of  inulin  powder  in  each  of  the  TS.^ 
ordinary  solvents.     If  uncertain  regarding  the  soiubiUty  in  any  reagent,    ^  % 
filter  and  neutralize  the  filtrate  if  it  is  alkaline  in  reaction.     Add  a  drop     *'' 
of  concentrated  hydrochloric  acid  to  the  filtrate  and  boil  it  for  one  •-''■" 
minute.     Render  the  solution  neutral  or  slightly  alkaline  with  solid 
potassium  hydroxide  and  try  Fehling's  test.     What  is  the  significance 

of  a  positive  Fehling's  test  in  this  connection? 

2.  Iodine  Test. — (a)  Place  2-3  c.c.  of  the  inulin  solution  in  a  test-  ^j^, 
tube  and  add  a  drop  of  dilute  iodine  solution.     What  do  you  observe?    '  •  \, 

(b)  Place  a  small  amount  of  inulin  powder  in  one  of  the  depressions 
of  a  test-tablet  and  add  a  drop  of  dilute  iodine  solution.  Is  the  effect 
any  different  from  that  observed  above?   Jjt'ivM^ 

3.  Molisch's  Reaction. — Repeat  this  test  according  to  directions 
given  under  Dextrose,  2,  page  27.  v%w^  -  V,*,.^,^  ^.^ ,.,, 

4.  Fehling's  Test.^ — Make  this  test  on  the  inulin  solution  according 
to  the  instructions  given  under  Dextrose,  page  32.  Is  there  any 
reduction?^    •r^A.-^l^ . 

5.  Hydrolysis  of  Inulin. — Place  5  c.c.  of  inulin  solution  in  a  test-tube, 
add  a  drop  of  concentrated  hydrochloric  acid  and  boil  it  for  one  minute. 
Now  cool  the  solution,  neutralize  it  with  concentrated  KOH  and  test  the 
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reducing  action  of  i  ex.  of  the  solution  upon  i  c.c.  of  diluted  (i  :4)  Feh- 
ling's  solution.     Explain  the  result.'   -M-W^m** 

GLYCOGEN,  (CsHioOs).. 

(For  discussion  and  experiments  see  Muscular  Tissue,  Chapter  XV.) 
LICHENffl,  {C«HioOi)x 

Lichenin  may  be  obtained  from  Cetraria  islandica  (Iceland  moss).  It 
forms  a  difficultly  soluble  jelly  in  cold  water  and  an  opalescent  solution 
in  hot  water.  It  is  optically  inactive  and  gives  no  color  with  iodine. 
Upon  hydrolysis  with  dilute  mineral  acids  lichenin  yields  dextrins  and 
dextrose.  It  is  said  to  be  most  nearly  related  chemically  to  starch. 
Saliva,  pancreatic  juice,  malt  diastase  and  gastric  juice  have  no  notice- 
able action  on  lichenin. 

DEXTRDl,  (C«HioOi)i. 

The  dextrins  are  the  bodies  formed  midway  in  the  stages  of  the 
hydrolysis  of  starch  by  weak  acids  or  an  enzyme.  They  are  amorphous 
bodies  which  are  easily  soluble  in  water,  acids,  and  alkalis,  but  are  insol- 
uble in  alcohol  or  ether.  Dextrins  are  dextro-rotatory  and  are  not  fer- 
mentable by  yeast. 

The  dextrins  may  be  hydrolyzed  by  dilute  acids  to  form  dextrose. 
With  iodine  one  form  of  dextrin  (erythro-dextrin)  gives  a  red  color. 
Their  power  to  reduce  Fehling's  solution  is  questioned. 

EXPERIMENIS   ON   DEXTRIN. 

I.  Solubility. — Test  the  solubility  of  pulverized  dextrin  in  the 
ordinary  solvents  (see  page  27).    dt*-  p.  /lA. 

2._  Iodine  Test. — Place  a  drop  o4  Hextrin  solution  in  one  of  the 
depressions  of  the  test-tablet  and  add  a  drop  of  a  dilute  solution  of  iodine 
in  potassium  iodide.  A  red  color  results  due  to  the  formation  of  the  red 
iodide  of  dextrin.  If  the  reaction  is  not  sufficiently  pronounced  make  a 
stronger  solution  from  pulverized  dextrin  and  repeat  the  test.  The 
solution  should  be  slightly  acid  to  secure  the  best  results. 

Make  proper  tests  to  show  that  the  red  iodide  of  dextrin  is  influenced 
by  heat,  alkali,  and  alcohol  in  a  similar  manner  to  the  blue  iodide  of 
starch  (see  page  50). 

'If  the  inulin  solution  gave  a.  positive  FchlinK  test  in  the  last  experiment  it  will  be 
necessary  to  check  the  hydrolysis  experiment  as  follows:  To  5  c.c.  of  the  inulin  solution  in  a 
test-tube  add  one  drop  of  concentrated  hydrochloric  acid,  neutralize  with  concentrated 
KOH  solution  and  test  the  reducing  action  of  i  c.c.  of  the  resulting  solution  upon  i  c.c. 
of  diluted  (1:4  )  Febling's  solution.  Thiswillfhow  the  normal  reducing  power  of  the  inulin 
solution.  In  case  the  inulin  was  hydrolyaed,  the  Fehling's  test  in  the  hydrolysis  eipetiment 
should  show  a  more  pronounced  reduction  than  that  observed  in  the  check  experiment. 
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3.  Fehling's  Test. — See  if  the  dextrin  solution  will  reduce  Fehling's 
soluGon.        ~1  ir  -^  ■        ^- ;  >    • 

4.  Hydrolysis  of  Dextrin. — Take  25  c.c.  of  dextrin  solution  in  a 
small  beaker,  add  $  drops  of  dilute  hydrochloric  acid,  and  boil.  By 
means  of  a  small  pipette,  at  the  end  of  each  minute,  remove  a  drop  of 
the  solution  to  one  of  the  depressions  of  the  test-tablet  and  make  the 
iodine  test.  The  power  of  the  solution  to  produce  a  color  with  iodine 
should  rapidly  disappear.  When  a  negative  reaction  is  obtained  cool 
the  solution  and  neutralize  it  with  concentrated  potassium  hydroxide. 
Try  Fehling's  test  (see  page  32).  This  reaction  is  now  strongly  posi- 
tive, due  to  the  formation  of  a  reducing  sugar.  Determine  the  nature 
of  the  sugar  by  means  of  the  phenylhydrazine  test  (see  pages  28  and  29). 

j[^.  Influence  of  Tannic  Acid. — Add  an  excess  of  tannic  acid  solution 
to  a  small  amount  of  dextrin  solution  in  a  test-tube.  No  precipitate 
forms.  This  result  differs  from  the  result  of  the  similar  experiment  upon 
starch  (see  Starch,  8,  page  50). 

6.  piffusibility  of  I)eitrin.^(See  Starch,  9,  page  50.) 

J.  Precipitation  by  AlcohoL^To  about  50  c.c.  of  95  per  cent 
alcohol  in  a  small  beaker  add  about  10  c.c.  of  a  concentrated  dextri  so- 
lution. Dextrin  is  thrown  out  of  solution  as  a  gummy  white  precipitate. 
Compare  the  result  with  that  obtained  under  Dextrose,  5,  page  50. 

CELLULOSE,  (CsHioOj),. 

This  complex  polysaccharide  forms  a  large  portion  of  the  cell  wall  of 
plants.  It  is  extremely  insoluble  and  its  molecule  is  much  more  complex 
than  the  starch  molecule.  The  best  quality  of  filter  paper  and  the  ordi- 
nary absorbent  cotton  are  good  types  of  cellulose. 

At  one  time  there  was  but  a  single  known  solvent  for  cellulose. 
Recent  investigation  has,  however,  revealed  a  long  list  of  cellulose 
solvents.     (See  Experiment  7.) 

Cellulose  is  not  hydrolyzed  by  boiling  with  dilute  mineral  acids.  It 
may  be  hydrolyzed,  however,  by  treating  with  concentrated  sulphuric 
acid  then  subsequently  diluting  the  solution  with  water  and  boiling. 

There  is  some  difference  of  opinion  as  to  the  exact  extent  to  which 
cellulose  is  utilized  in  the  animal  organism.  It  is  no  doubt,  more  effi- 
ciently utilized  by  hcrbivora  than  by  carnivora  or  by  man.  It  is  claimed 
that  about  25  per  cent  may  be  utilized  by  herbivora,  less  than  5  per  cent 
by  dogs  whereas  the  quantity  utilized  by  man  is  "  too  small  for  it  to  play 
a  rdle  of  importance  in  the  diet  of  a  normal  individual.'"  In  neither 
man  nor  the  lower  animals  has  there  been  demonstrated  any  formation 

'  Swartt:  Transactions  of  the  CoDoecticuC  Academy  of  Arts  and  Sciences,  i6,  247,  1911. 
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of  sugar  or  glycogen  from  cellulose.'  It  is  probable  that  the  cellulose 
which  disappears  from  the  intestine  is  transfonned  for  the  most  part  into 
fatty  acids.' 

Experiments  on  Cellulose. 

1^  Solubility. — Test  the  solubility  of  cellulose  in  the  ordinary  sol- 
vents {see  page  27). 

2.  Iodine  Test. — Add  a  drop  of  dilute  iodine  solution  to  a  few  shreds 
of  cotton  on  a  test-tablet.  Cellulose  differs  from  starch  and  dextrin  in 
giving  no  color  with  iodine. 

3.  Formation  of  Amyloid.' — Add  10  c.c.  of  dilute  and  5  c.c.  of 
concentrated  HjSO*  to  some  absorbent  cotton  in  a  test-tube.  When 
entirely  dissolved  (without  heating)  pour  one-half  of  the  solution  into 
another  test-tube,  coot  it  and  dilute  with  water.  Amyloid  forms  as 
a  gummy  precipitate  and  gives  a  brown  or  blue  coloration  with  iodine. 

After  allowing  the  second  portion  of  the  acid  solution  of  cotton  to 
stand  about  10  minutes,  dilute  it  with  water  in  a  small  beaker  and  boil 
for  1 5-30  minutes.  Now  cool,  neutralize  with  solid  KOH  and  test  with 
Fehling's  solution.  Dextrose  has  been  formed  from  the  cellulose  by  the 
action  of  the  acid. 

4.  Schweitzer's  Solubility  Test. — Place  a  little  absorbent  cotton  in  a 
test-tube,  add  Schweitzer's  reagent,*  and  stir  the  cellulose  with  a  glass 
rod.  When  completely  dissolved  acidify  the  solution  with  acetic  acid. 
An  amorphous  precipitate  of  cellulose  is  produced. 

5.  Cross  and  Sevan's  Solubility  Test.* — Place  a  little  absorbent 
cotton  in  a  test-tube,  add  Cross  and  Sevan's  reagent,*  and  stir  the  cellu- 
lose with  a  glass  rod.  When  solution  is  complete  reprecipitate  the 
cellulose  with  95  per  cent  alcohol. 

6.  Iodine-Zinc  Chloride  Reaction.— Place  a  little  absorbent  cotton 
or  quantitative  filter  paper  in  a  test-tube  and  treat  it  with  the  iodine- 
zinc  chloride  reagent.'     A  blue  color  forms  on  standing.     Amyloid  has 

■Lusk:  American  Journai  of  Physiology,  27,  467,  1911;  also  Hoffmann,  Inaugural  dis- 
Kcrtalion,  Halle-Wittenberg,  1910. 

•  Tappeiner:  ZeiUckrijtfUr  BioiogU,  i*,  105, 1888. 

'  This  body  derives  its  name  from  amylum  (starch)  and  is  not  to  be  confounded  with 
amyloid,  the  glycoprotein. 

*  Sebweitier's  reagent  is  made  by  adding  potassium  hydroiide  to  a  solution  of  copper 
sulphate  which  contains  some  ammonium  chloride.  A  precipitate  of  cup ric  hydroxide 
forms  and  this  is  filtered  off,  washed,  and  3  grams  of  the  moist  cupric  hydroxide  brought 
into  solution  a  liter  of  30  per  cent  ammonium  hydroxide. 

'  Cross  and  Bevan :  Chemical  News,  63.  p.  66. 

'  Cross  and  Bevan'a  reagent  may  be  prepared  by  combining  two  parts  of  concentrated 
hydrochloric  add  and  one  part  of  zinc  chloride,  by  vcighl. 

'The  iodine-zinc  chloride  reagent  as  suggested  by  N'owo|)oLrowsky  (Beihefte  Bolan. 
'  Cenlr.,  28,  90,  1912)  may  be  made  by  dissolving  20  grams  ZnCli  in  8.5  c.c.  water  and  when 
cool  introducing  the  iodine  solution  (3  grains  KI-^  I. s  gram  I  in  60  c.c.  water)  drop  by  drop 
until  iodine  begins  to  precipitate. 
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been  formed  from  the  cellulose  through  the  action  of  the  ZnCIj  and  the 
iodine  solution  has  stained  the  amyloid  blue. 

7.  New  Cellulose  Solvents. — It  has  recently  been  demonstrated  by 
Deming'  that  there  are  many  excellent  solvents  for  cellulose  (filter 
paper).  For  example,  the  concentrated  aqueous  solutions  of  certain 
salts  such  as  antimony  trichloride,  stannous  chloride  and  zinc  bromide.  In 
hydrochloric  acid  solution  the  solvent  action  of  the  above  salts  is  in- 
creased. The  following  salts  are  also  good  solvents  in  hydrochloric 
acid  solution:  mercuric  chloride,  bismuth  chloride,  antimony  pentachloride, 
tin  telracliloride  and  titanium  tetrachloride.  In  the  case  of  the  last- 
mentioned  salt  the  swollen,  transparent  character  of  the  cellulose  fibers 
preliminary  to  solution  can  be  seen  very  nicely. 

Try  selected  solvents  suggested  by  the  instructor. 
HEMICELLULOSES. 

The  hemi celluloses  diiier  from  cellulose  in  that  they  may  be  hydro- 
lyzed  upon  boiling  with  dilute  mineral  acids.  They  differ  from  other 
polysaccharides  in  not  being  readily  digested  by  amylases.  Hemi- 
cellulose  may  yield  pentosans,  or  hexosans  upon  hydrolysis. 

Pentosans. — Pentosans  yield  pentoses  upon  hydrolysis.  So  far  as  is 
known  they  do  not  occur  in  the  animal  kingdom.  They  have,  however, 
a  very  wide  distribution  in  the  vegetable  kingdom,  being  present  in  leaves, 
roots,  seeds  and  stems  of  all  forms  of  plants,  many  times  in  intimate 
association  or  even  chemical  combination  with  galactans.  In  herbivora, 
pentosans  are  40-80  per  cent  utilized.*  The  few  tests  on  record  as  to  the 
pentosan  utiUzation  by  man'  indicate  that  80-95  P^r  centdisappiear  from 
the  intestine.  According  to  Cramer,^  bacteria  are  efficient  hemicellulose 
transformers.  It  has  not  yet  been  demonstrated  that  pentosans  form 
glycogen  in  man,  and  for  this  reason  they  must  be  considered  as  playing 
an  unimportant  part  in  human  nutrition.  Gum  arable  an  important 
pentosan  may  be  hydrolyzed  by  concentrated  hydrochloric  acid  if  boiled 
for  a  short  time.     The  pentose  arabinose  results  from  such  hydrolysis. 

Galactans.- — In  common  with  the  pentosans  the  galactans  have  a  very 
wide  distribution  in  the  vegetable  kingdom.  The  pure  galactans  yield 
galactose  upon  hydrolysis.  One  of  the  most  important  members  of  the 
galactan  group  is  agar-agar,  a  product  prepared  from  certain  types  of 
Asiatic  sea-weed.  This  galactan  is  about  50  per  cent  utilizable  by 
herbivora^  and  8-27  per  cent  utilizable  by  man.*    Agar  ingestion  has 

'  Deming:  Journal  American  Clitmical  Society,  33,  isiS,  tgii- 

*  Swartz:  Transactions  of  Ihe  Connecticut  Academy  of  Arts  and  Sciences,  16,  J47,  tgll. 

'  Kfinigand  Reinhaidt:  Zril.f.  Ihitcnuchungder  Nahrungs  u.Gcnussmilttt,  5,  no,  1Q02. 

'Cramer:  Inaug.  Uiis.,  Halle,  1910. 

'  Lohiisch:  Zeil.  f.  expcr.  Path.  11.  Pharm.,  s,  478,  1908. 

'Saiki:  Jour.  Biol.  Cliem.,  2,  ss'i  '906. 
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been  shown  to  be  a  very  efficient  therapeutic  aid  in  cases  of  chronic 
constipation.^'*  This  is  particularly  true  when  the  constipation  is  due 
to  the  formation  of  dry,  hard,  fecal  masses  {scybaia),  a  type  of  fecal  for- 
mation which  frequently  follows  the  ingestion  of  a  diet  which  is  very  thor- 
oughly digested  and  absorbed.  The  agar,  because  of  its  relative  indi- 
gestibility  and  its  property  of  absorbing  water  yields  a  bulky  fecal  mass 
which  is  sufficiently  soft  to  permit  of  easy  evacuation.  Agar  has  been 
used  with  good  results  in  the  treatment  of  constipation  in  children.* 
The  function  of  agar  is  not  limited  to  its  use  in  connection  with  constipa- 
tion, it  may  serve  in  other  capacities  as  an  aid  to  intestinal  therapeutics.* 

EXFEKIUENTS  ON  A  PENTOSAN. 

1.  Solubility. — Test  the  solubility  of  gum  arable  in  the  ordinary 
solvents  (see  page  27). 

2.  Iodine  Test. — Add  a  drop  of  dilute  iodine  solution  to  a  little  gum 
arabic  on  a  test-tablet.  It  resembles  cellulose  in  giving  no  color  with 
iodine. 

3.  Hydrolysis  of  Gum  Arabic. — Introduce  a  little  gum  arabic  into  a 
test-tube,  add  5-1  o  c.c.  of  strong  hydrochloric  acid  (cone.  HCI  and  water 
1:1)  and  heat  to  boiling  for  5-10  minutes.  Cool,  neutralize  with  potas- 
sium hydroxide  and  test  by  the  FehUng  or  some  other  reduction  test. 
A  positive  reaction  should  be  obtained  indicating  that  the  gum  arabic 
has  been  hydrolyzed  by  the  acid  with  the  production  of  a  reducing  sub- 
stance.    What  is  this  reducing  substance?    How  would  you  identify  it? 

Experiments  on  a  Galactan. 

1.  Solubility. — Test  the  solubility  of  agar-agar  in  the  ordinarj  sol- 
vents (see  page  27).  Observe  its  marked  property  of  imbibing  water 
(see  page  255). 

2.  Iodine  Test. — Add  a  drop  of  dilute  iodine  solution  to  a  little 
agar-agar  on  a  test-tablet.  It  resembles  cellulose  in  giving  no  color 
with  iodine. 

3.  Hydrolysis  of  Agar-agar. — Introduce  a  few  pieces  of  agar-agar 
into  a  test-tube,  add  5-10  c.c.  of  strong  hydrochloric  acid  (cone.  HCI  and 
water  1:1)  and  heat  to  boiling  for  5-10  minutes.  Cool,  neutraUze 
with  potassium  hydroxide  and  test  by  the  Fehling  or  some  other  re- 
duction test.     A  positive  reaction  should  be  obtained  indicating  that 

■Mendel:  Zenlralblat  f.  d.  gtsammie Phys.  u.  Path,  des  Siogv.:,  No.  17,  i,  1908. 
'  Schmidt:  MUntk.  med.  Woch.,  $3,  1970,  '905. 

•  Morse:  Journal  American  Medical  Ass'n.,  55,  934,  i9'0. 

•  Einhorn:  Berl.  ktin.  Wock.,  49,  "3.  i9>^- 
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the  agar-agar  has  been  hydrolyzed  by  the  acid  with  the  production  of  a 
reducing  substance.  What  is  this  reducing  substance?  How  would 
you  identify  it? 

REVIEW  OF  CARBOHYDRATES. 

In  order  to  facilitate  the  student's  review  of  the  carbohydrates,  the 
preparation  of  a  chart  similar  to  the  appended  model  is  recommended. 
MODEL  CHART  FOR  REVIEW  FDRPO^S. 
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The  signs  +  and  —  may  be  conveniently  used  to  indicate  positive 
and  negative  reaction.  Only  those  carbohydrates  which  are  of  greatest 
importance  from  the  standpoint  of  physiological  chemistry  have  been 
included  in  the  chart. 

"Unknown"  Solutions  op  Carbohydrates. 

At  this  point  the  student  will  be  given  several "  unknown"  solutions, 
each  solution  containing  one  or  more  of  the  carbohydrates  studied. 
He  will  be  required  to  detect,  by  means  of  the  tests  on  the  preceding 
pages,  each  carbohydrate  constituent  of  the  several  "unknown"  solu- 
tions and  hand  in,  to  the  instructor,  a  written  report  of  his  findings,  on 
slips  furnished  by  the  laboratory. 

The  scheme  given  on  page  58  may  be  of  use  in  this  connection. 
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CHAPTER  III. 
SALIVARY  DIGESTION. 

The  saliva  is  secreted  by  three  pairs  of  glands,  the  submaxillary, 
sublingual,  and  parotid,  reinforced  by  numerous  small  glands  called 
buccal  glands.  The  saliva  secreted  by  each  pair  of  glands  possesses 
certain  definite  characteristics  peculiar  to  itself.  For  instance,  in  man 
the  parotid  glands  ordinarily  secrete  a  thin,  watery  fluid,  the  submaxil- 
lary glands  secrete  a  somewhat  thicker  fluid  containing  mucin,  while  the 
product  of  the  sublingual  glands  has  a  more  mucilaginous  character. 
The  saliva  as  collected  from  the  mouth  is  the  combined  product  of  all  the 
glands  mentioned.  The  fact  that  there  are  pronounced  variations  in  the 
composition  of  different  fractions  of  saliva  secreted  by  the  same  normal 
individual  on  a  uniform  diet  has  recently  been  emphasized  by  Lothrop 
and  Gies.' 

The  saliva  may  be  induced  to  flow  by  many  forms  of  stimuli,  such  as 
chemical,  mechanical,  electrical,  thermal,  and  psychical,  the  nature  and 
amount  of  the  secretion  depending,  to  a  limited  degree,  upon  the  par- 
ticular class  of  stimuli  employed  as  well  as  upon  the  character  of  the 
individual  stimulus.  For  example,  in  experiments  upon  dogs  it  has  been 
found  that  the  mechanical  stimulus  afforded  by  dropping  several  pebbles 
into  the  animal's  mouth  caused  the  flow  of  but  one  or  two  drops  of  saliva, 
whereas  the  mechanical  stimulus  afforded  by  sand  thrown  into  the 
mouth  induced  a  copious  flow  of  a  thin  watery  fluid.  Again,  when  ice- 
water  or  snow  was  placed  in  the  animal's  mouth  no  saliva  was  seen, 
while  an  add  or  anything  possessing  a  bitter  taste,  which  the  dog  wished 
to  reject,  caused  a  free  flow  of  the  thin  saliva.  On  the  other  hand,  when 
articles  of  food  were  placed  in  the  dog's  mouth  the  animal  secreted  a 
thicker  saliva  having  a  higher  mucin  content — a  fluid  which  would  lubri- 
cate the  food  and  assist  in  the  passage  of  the  bolus  through  the  oesopha- 
gus. It  was  further  found  that  by  simply  drawing  the  attention  of  the 
animal  to  anyof  the  substances  named  above,  results  were  obtained  simi- 
lar to  those  secured  when  the  substances  were  actually  placed  in  the  ani- 
mal's mouth.  For  example,  when  a  pretense  was  made  of  throwing  sand 
into  the  dog's  mouth,  a  watery  saliva  was  secreted,  whereas  food  under 
the  same  conditions  excited  a  thicker  and  more  slimy  secretion.  The 
exhibition  of  dry  food,  in  which  the  dog  had  no  particular  interest  (dry 
'Lothrop  and  Gies:  Journal  of  Ihc  Allied  (Denial)  Socirlies,  6,  65,  1911. 
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bread)  caused  the  secretion  of  a  large  amount  of  watery  saliva,  while  the 
presentation  of  moist  food,  which  was  eagerly  desired  by  the  animal, 
called  forth  a  much  smaller  secretion,  slimy  in  character.  These  experi- 
ments show  it  to  be  rather  difficult  to  differentiate  between  the  influence 
of  physiological  and  psychical  stimuli. 

The  amount  of  saliva  secreted  by  an  adult  in  24  hours  has  been  vari- 
ously placed,  as  the  result  of  experiment  and  observation,  between  1000 
and  150a  C.C.,  the  exact  amount  depending,  among  other  conditions, 
upon  the  character  of  the  food. 

The  saliva  of  adults  ordinarily  has  a  weak,  alkaline  reaction  to  litmus, 
but  becomes  acid,  in  some  instances,  2-3  hours  after  a  meal  or  during  fast- 
ing. The  saliva  of  the  newborn  is  generally  neutral  to  litmus,  whereas  that 
of  infants,  especially  those  breast-fed,  is  generally  acid.'  The  alkalinity 
of  saliva  is  due  principally  to  di-sodium  hydrogen  phosphate  (NajHPOO 
and  its  average  alkalinity  may  be  said  to  be  equivalent  to  0.08-0.1  per 
cent  sodium  carbonate.  The  saliva  is  the  most  dilute  of  all  the  digestive 
secretions,  having  an  average  specific  gravity  of  1.005  ^"d  containing  only 
0.5  percent  of  solid  matter.  Among  the  solids  are  found  albumin,  globu- 
lin, mucin,  urea,  the  enzymes  salivary  amylase  (ptyalin),  maltase,  and 
peptide  splitting  enzymes;  phosphates,  and  other  inorganic  constituents. 
Potassium  thiocyanate,  KSCN,  is  also  generally  present  in  the  saliva. 
It  has  been  claimed  that  this  substance  is  present  in  greatest  amount  in 
the  saliva  of  habitual  smokers.  The  significance  of  thiocyanate  in  the 
saliva  is  not  known;  it  probably  comes  from  the  ingested  thiocyanates 
and  from  the  breaking  down  of  protein  material.  The  attempts  to  show 
some  relationship  between  tooth  decay  and  the  thiocyanate  content  of 
the  saliva  secreted  into  the  mouth  cavity  have  met  with  failure.  The 
most  recent  experiments^  indicate  a  virtual  absence  of  such  relationship. 

The  so-called  tartar  formation  on  the  teeth  is  composed  almost 
entirely  of  calcium  phosphate  with  some  calcium  carbonate,  mucin, 
epithelial  cells,  and  organic  debris  derived  from  the  food.  The  calcium 
salts  are  held  in  solution  as  acid  salts,  and  are  probably  precipitated  by 
the  ammonia  of  the  breath.  The  various  organic  substances  just  men- 
tioned are  carried  down  in  the  precipitation  of  the  calcium  salts. 

The  suggestion  has  been  made  that  mucin  is  the  salivary  constituent 
"which  is  particularly  influential  in  the  development  of  local  conditions 
favoring  the  onset  of  dental  decay."* 

The  principal  enzyme  of  the  saliva  is  known  as  salivary  amylase  or 
ptyalin.  This  is  an  amylolytic  enzyme  (see  page  4),  so  called  because  it 
possesses  the  property  of  transforming  complex  carbohydrates  such  as 


'.Mlaria:  Manulnchr.  fur  Ktndfrheiikundr,  10.  179.  1011. 
'  Lothrop  and  Gies:  Jovtnal  oj  the  Allied  {Denial)  Sodelies,  t 
■Jd,:  7Wrf.,  s,  No.  4,  iQio. 
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starch  and  dextrin  into  simpler  bodies.  The  action  of  salivary  amylase 
is  one  of  hydrolysis  and  through  this  action  a  series  of  simpler  bodies  are 
formed  from  the  complex  starch.  The  first  product  of  the  action  of  the 
ptyalin  of  the  saUva  upon  starch  paste  is  soluble  starch  (amidulin)  and  its 
formation  is  indicated  by  the  disappearance  of  the  opalescence  of  the 
starch  solution.  This  body  resembles  true  starch  in  giving  a  blue  color 
with  iodine.  Next  follows  the  formation,  in  succession,  of  a  series  of 
dextrins,  called  erytkro-dextrin,  a-ackroo-dextrin,  ^-achroo-dextrin,  and 
T-achroo-dexlrin,  the  erythro-dexlrin  being  formed  directly  from  soluble 
starch  and  later  being  itself  transformed  into  a-achroo-dextrin  from  which 
in  turn  are  produced  {i-achroo-dextrin,  r-ackroo-dextrin  and  perhaps  other 
dextrins.  Accompanying  each  dextrin  a  small  amount  of  iso-maltose  is 
formed,  the  quantity  of  iso-maltose  growing  gradually  larger  as  the  proc- 
ess of  transformation  progresses.  (Erythro-dextrin  gives  a  red  color 
with  iodine,  the  other  dextrins  give  no  color.)  The  next  stage  is  the 
transformation  of  the  final  dextrin  into  iso-maltose  and  subsequently  the 
transformation  of  the  iso-maltose  into  maltose,  the  latter  being  the 
principal  end-product  of  the  salivary  digestion  of  starch.  At  this  point 
a  small  amount  of  dextrose  is  formed  from  the  maltose,  through  the  ac- 
tion of  the  enzyme  maltase. 

Salivary  amylase  acts  in  alkaline,  neutral,  or  combined  acid  solu- 
tions. It  will  act  in  the  presence  of  relatively  strong  combined  HCl  (see 
page  iz6),  whereas  a  trace  {0.003  P^""  ^*^^^  ^^  0.006  per  cent)  of  ordinary 
free  hydrochloric  acid  will  not  only  prevent  the  action  but  will  destroy 
the  enzyme.  By  sufficiently  increasing  the  alkalinity  of  the  saliva  to 
litmus,  the  action  of  the  salivary  amylase  is  inhibited. 

It  has  been  claimed  by  Roger'  that  the  activation  of  human  saliva 
inactivated  by  the  action  of  heat  or  hydrochloric  acid  could  be  brought 
about  by  the  addition  of  traces  of  fresh  human  saliva.  Very  recent 
attempts^  to  verify  this  claim  have  met  with  failure. 

It  has  recently  been  shown  by  Cannon  that  salivary  digestion  may 
proceed  for  a  considerable  period  after  the  food  reaches  the  stomach, 
owing  to  the  slowness  with  which  the  contents  are  thoroughly  mixed  with 
the  acid  gastric  juice  and  the  consequent  tardy  destruction  of  the 
enzyme.  Food  in  the  pyloric  end  of  the  stomach  is  soon  mixed  with  the 
gastric  secretion,  but  food  in  the  cardiac  end  is  not  mixed  with  the  acid 
gastric  Juice  for  a  considerable  period  of  time,  and  in  this  region  during 
that  time  salivary  digestion  may  proceed  undisturbed. 

It  has  very  recently  been  found  that  salivary  amylase  acts  more 
efficiently  when  the  saliva  is  diluted.^    The  optimum  dilution  for  sodium 

'  Roger:  Rn.  Gen.  rfcs,  .SVi.,  iK,  544,  11)07. 
'  BerKcim  and  Hawk:  Unpublished  data. 
'  BergHm  and  Hawk:  Un|iut>lished  data. 
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chloride  solution  (0.3  per  cent)  was  found  to  be  about  Jour  volumes, 
whereas  that  for  tap  water'  and  distilled  water  was  about  seven  volumes. 
These  findings  are  of  interest  in  connection  with  the  more  efficient  utili- 
zation of  ingested  carbohydrate  which  has  been  found  to  accompany  the 
drinking  of  large  volumes  of  water  at  meal  time.'  Lipase  also  acts 
better  in  dilution.^ 

It  has  further  been  demonstrated  very  recently  that  the  action  of 
salivary  amylase  is  inhibited  in  the  presence  of  softened  water.*  The 
inhibitory  factor  was  found  to  be  magnesium  hydroxide.'  Electrolytes 
have  an  important  influence  upon  the  action  of  amylases.  The  CI  ion 
has  a  pronounced  facilitating  action  (see  Pancreatic  Amylase). 

The  question  of  the  adaptaliatt  of  the  salivary  secretion  to  diet  is  one 
which  has  received  considerable  attention  in  recent  years.  It  has  been 
claimed,  on  the  basis  of  experimental  evidence,*  that  the  continued 
feeding  of  a  carbohydrate  diet  causes  the  secretion  of  a  saliva  which 
contains  a  higher  concentration  of  salivary  amylase  and  one  which  is 
therefore  able  to  more  efficiently  digest  the  carbohydrate  fed.  On  the 
other  hand  strong  e\'idence'  has  been  submitted  that  the  amylase  con- 
tent of  the  saliva  is  not  increased  through  the  continued  feeding  of  a 
carbohydrate  diet.  .  The  balance  of  e\'idence  is,  however,  opposed  to 
adaptation.  In  general  the  concensus  of  opinion  is  opposed  to  the 
adapiaiion  of  digestive  secretions  to  diet. 

Maltese,  sometimes  called  glucase,  is  the  second  cnzjine  of  the  saliva. 
The  principal  function  of  maltase  is  the  splitting  of  maltose  into  dextrose. 
Besides  occurring  in  the  saliva  it  is  also  present  in  the  pancreatic  and 
intestinal  juices.  For  experimental  purposes  the  enzyme  is  ordinarily 
prepared  from  corn.  The  principles  of  the  "reversibility"  of  enzyme 
action  were  iirst  demonstrated  in  connection  with  maltase  by  Croft  Hill. 

The  presence  in  the  saliva  of  dipeptide-  and  tri  pep  tide-splitting 
enzymes  has  recently  been  demonstrated.'  Leucyl-glycyl-alanine  was 
the  tripeptide  split  whereas  the  cleavage  of  several  dipeptids  was 
brought  about.  The  action  is  similar  to  that  of  intestinal  erepsin  (see 
Chapter  VIII). 

Microscopical  examination  of  the  saliva  reveals  salivary  corpuscles, 

'  UniversEty  of  IlHnois  Water  Supply. 

•MaltiUund  Hawk:  Jaur.  Am.  Chrm.  Soc,  33,  joig,  1911. 

•  Bradley:  Jpurn.  Biol.  Chen.,  8,  JJ  i,  igio. 

'  Preparedby  treating  tap  water  withone-sixthits  volume  of  saturated  lime  water,  atlow- 
ini:;  tt>  atand  ^4  hnura  and  filtering. 

'  Bcrgeim  and  Hawk:  Unpublished  data. 

'  NeilsoQ  and  Terry:  American  Journal  of  Physiology,  15,  400,  1(105;  Neilson  and  Lewis: 
Journal  of  Biological  Ckemislry,  4,  501,  1908. 

'  Mcndcl:  American  Jeurnat  0/ the  Mtdical  Sciencti,  Oct,,  1909;  Mendel  and  Underbill: 
Journat  of  Biotngifol  Chemislry,  3,  135,  1907.  Mendel,  Chapman  and  Blood:  Mrilicat 
Record,  AuR.  *7,  1910. 

'  Koelltcr:  Zeitschrift  fOr  physioL  Chen.,  76,  27,  1911. 
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bacteria,  food  debris,  epithelial  cells,  mucus,  and  fungi.  In  certain 
pathological  conditions  of  the  mouth,  pus  cells,  and  blood  corpuscles 
may  be  found  in  the  saliva. 

EXPERIMEXTS  ON  SaXIVA. 

A  satisfactory  method  of  obtaining  the  saliva  necessary  for  the  experi- 
ments which  follow  is  to  chew  a  small  piece  of  pure  paraffin  wax,  thus 
stimulating  the  flow  of  the  secretion,  which  may  be  collected  in  a  small 
beaker.  Filtered  saliva  is  to  be  used  in  every  experiment  except  for  the 
microscopical  examination. 

J,.  Microscopical  Examination. — Examine  a  drop  of  unliltercd  saliva 
microscopically  and  compare  with  Fig.  ig  below. 


FlO.    iq. — MlL-HOSCOPlCAL   CONSTITUENTS   OF   SaLIVA. 

a,  Epithelial  cells;  6,  salivary  corpuscles;  c,  fnl  drops;  d,  leucocj-tca;  t,  /  and  g,  bacteria; 
h.  i  nnd  *,  fission-fungi. 

^.  Reaction. — Test  the  reaction  to  litmus,  phenolphthalein  and 


introduce  the  urinometer,  and  observe  the  reading. 

4.  Test  for  Mucin. — To  a  small  amount  of  saliva  in  a  test-tvibe  add 
1-2  drops  of  dilute  acetic  acid.     Mucin  is  precipitated.     O-^Ut    k^jt"  . 

5.  Bhiret  Test.' — Render  a  httle  saliva  alkaline  with  an  equal  volume 
of  fiOH  and  add  a  few  drops  of  a  very  dilute  {2-5  drops  in  a  test-tube  of 
water)  copper  sulphate  solution.  The  formation  of  a  purplish-violet 
color  is  due  to  mucin.  "" 

^.  Millon's  Reaction.^ — Add  a  few  drops  of  Millon's  reagent  to  a 
little  saliva.  A  light  yellow  precipitate  formed  by  the  mucin  gradually 
turns  red  upon  being  gently  heated. 

7,  Preparation  of  Mucin. — Pour  25  c.c.  of  saliva  into  100  c.c,  of 
PS  per  cent  alcohol,  stirring  constantly.  Cover  the  vessel  and  allow  the 
precipitate  to  stand  at  least  1 2  hours.  Pour  off  the  supernatant  liquid. 
collect  the  precipitate  on  a  filter  and  wash  it,  in  turn,  with  alcohol  and 
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ether.  Finally  dry  the  precipitate,  remove  it  from  the  paper  and  make 
the  following  tests  on  the  mucin:  (a)  Test  its  solubility  in  the  ordinary 
solvents  (seepage  27);  (b)  Millon's reaction;  (c)  dissolve  a  small  amount 
in  KOH,  and  try  the  biuret  test  on  the  solution;  {d)  boil  the  remainder, 
with  10^25  c.c.  of  water  to  which  5  c.c.  of  dilute  HCl  has  been  added, 
until  the  solution  becomes  brownish.  Cool,  render  alkahne  with  solid 
KOH,  and  test  by  Fehling's  solution.  A  reduction  should  take  place. 
Mucin  is  what  is  known  as  a  conjugated  protein  or  glycoprotein  (see 
p.  94)  and  upon  boiling  with  the  acid  the  carbohydrate  group  in  the 
molecule  has  been  split  off  from  the  protein  portion  and  its  presence  is 
indicated  by  the  reduction  of  Fehling's  solution. 

_8.  Inorganic Matter-TJestfoj chlorides,  phosphates,  sulphates,  and 

calcium.     For  chlorides,  acfmiy  with  HNO3  and  add  AgNOj.     For 

j«>*ffbfipsphates,  acidify  with  HNO3,  heat  and  add  molybdic  solution.*    For 

ji_t6ulphates,  acidify  with  HCl  and  add  BaCU  and  warm.     For  calcium, 

racidify  with  acetic  acid,  CHjCOOH,  and  add  ammonium  oxalate^ 

(NH.),C,0..  "^-'■f^ 

9.  Viscosity  Test. — Place  filter  papers  in  two  funnels,  and  to  each 
adJTan  equal  quantity  of  starch  paste  (5  c.c).  Add  a  few  drops  of  saliva 
to  one  lot  of  paste  and  an  equivalent  amount  of  water  to  the  other. 
Note  the  progress  of  filtration  in  each  case.  Why  does  one  solution 
filter  more  rapidly  than  the  other? 

10.  Test  fra-  Nitrites.— Add  i-a  drops  of  dilute  HjSO*  to  a  little 
saliva  and  thoroughly  stir.  Now  add  a  few  drops  of  a  potassium  iodide 
solution  and  some  starch  paste.  Nitrous  acid  is  formed  which  liberates 
iodine,  causing  the  formation  of  the  blue  iodide  of  starch. 

/t^l}   Thiocyanate  Tests.— (a}  Ferric  CA/ondc  Jm*.— To  a  little  saliva 

Jm  a  small  porcelain  crucible,  or  dish,  add  a  few  drops  of  dilute  ferric 

^  chloride  and  acidify  slightly  with  HCl.     Red  ferric  thiocyanate  forms. 

ij/'       To  show  that  the  red  coloration  is  not  due  to  iron  phosphate  add  a  drop 

'  of  HgCls  when  colorless  mercuric  thiocyanate  forms. 

(b)  Solera's  Reaction. — This  test  depends  upon  the  liberation  of  io- 
dine through  the  action  of  thiocyanate  upon  iodic  add.  Moisten  a  strip 
of  starch  pasle-iodic  acid  test  paper'  with  a  little  si^va.  If  thiocyanate 
be  present  the  test  paper  will  assume  a  blue  color,  due  to  the  liberation 
of  iodine  and  the  subsequent  formation  of  the^o-called  iodide  of  starch. 

'  Molybdic  solution  is  prepared  as  follows,  the  parts  being  by  weight: 
I  part  molybdic  acid. 

4  parts  aimnoiiiuin  hydroride  (sp.  gr.  0.96). 
15  parts  nitric  acid  (sp.  gr.  i.  1). 
•  This  test  paper  is  prepared  as  follows:  Saturate  a  good  quality  of  filter  paper  with  o.j 
per  cent  starch  paste  to  which  has  been  added  sufficient  iodic  add  to  make  a  i  per  cent 
solution  of  iodic  acid  and  allow  the  paper  to  dry  in  the  air.     Cut  it  io  strips  of  suitable  size 
and  preserve  for  use. 
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12..  Digestion  of  Starch  Paste. — To  25  c.c.  of  starch  paste  in  a  small 
beaker,  add  5  drops  of  saliva  and  stir  thoroughly.  At  intervals  of  a  min- 
ute remove  a  drop  of  the  solution  to  one  of  the  depressions  in  a  test-tablet 
and  test  by  the  iodine  test.  If  the  blue  color  with  iodine  still  forms 
after  5  minutes,  add  another  5  drops  of  saliva.  The  opalescence  of  the 
starch  solution  should  soon  disappear,  indicating  the  formation  of  soluble 
starch  which  gives  a  blue  color  with  iodine.  This  body  should  soon  be 
transformed  into  erythro-dextrin  which  gives  a  red  color  with  iodine,  and 
this  in  turn  should  pass  into  achroo-dexlrin  which  gives  no  color  with 
iodine.  This  is  called  the  achromic  point.  When  this  point  is  reached 
test  by  Fehling's  test  to  show  the  production  of  a  reducing  body,  A 
positive  Fehling's  test  may  be  obtained  while  the  solution  still  reacts 
red  with  iodine  inasmuch  as  some  iso-mallose  is  formed  from  the  sol- 
ublestarch  coincidcntly  with  the  formation  of  the  erythro-dexlrin.  How 
long  did  it  take  for  a  complete  transformation  of  the  starch?    >- 

rj.  Digestion  of  Dry  Starch. — In  a  test-tube  shake  up  a  small 
amount  of  dry  starch  with  a  little  water.  Add  a  few  drops  of  saliva,  mix 
well,  and  allow  to  stand.  After  10-20  minutes  filter  and  test  the  filtrate 
by  Fehling's  test.     What  is  the  result  and  why? 

14.  Digestion  of  Innlin.— To  5  c.c.  of  inulin  solution  in  a  test-tube 
add  TO  drops  of  saliva  and  place  the  tube  in  the  incubator  or  water-bath 
at  40°  C.  After  one-half  hour  test  the  solution  by  Fehling's  test'  Is 
any  reducing  substance  present?  What  do  you  conclude  regarding  the 
salivary  digestion  of  inulin? 

15.  Influence  of  Temperature. — In  each  of  four  tubes  place  about 
5  c.c.  of  starch  paste.  Immerse  one  tube  in  cold  water  from  the  faucet, 
keep  a  second  at  room  temperature,  and  place  a  third  in  the  incubator  or 
the  water-bath  at  40°  C^  Now  add  to  the  contents  of  each  of  these  three 
tubes  two  drops  of  saliva  and  shake  well;  to  the  contents  of  the  fourth 
tube  add  two  drops  of  boiled  saliva.  Test  frequently  by  the  iodine  test, 
using  the  test-tablet,  and  note  in  which  tube  the  most  rapid  digestion 
occurs.     Explain  the  results.        ffl'C 

16.  Influence  of  Dilution.^' — Take  a  scries  of  six  test-tubes  each 
containing  9  c.c.  of  water.  Add  i  c.c.  of  saliva  to  tube  i  and  shake 
thoroughly.  Remove  i  c.c.  of  the  solution  from  tube  i  to  tube  2  and 
after  mixing  thoroughly  remove  i  c.c.  from  tube  2  to  tube  3.  Continue 
in  this  manner  until  you  have  6  saliva  solutions  of  gradually  decreasing 
strength.     Now  add  starch  paste  in  equal  amounts  to  each  tube,  mix 

'  If  iho  inulin  solulion  (fives  a  reduction  before  bcinR  acted  upon  by  the  saliva  it  will  be 
necessary  to  determine  the  extent  of  the  original  reduction  by  means  of  a  "check"  test  (see 
page  52). 

*The  tcchnic  of  Wohlycmulh's  method  (see  page  iS)  may  be  employed  in  this  test  i( 
sod<.,red.  ^^^     ^ 
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t  very  thoroughly,  and  place  in  the  incubator  or  water-bath  at  40°  C. 
r  lo-zo  minutes  test  by  both  the  iodine  and  Fehling's  tests.  In  how 
t  dilution  does  your  saliva  act? 

7.  Influence  of  Acids  and_Alkalis.^ (aj  Influence  of  Free  Acid.— 
Prepare  a  series  of  six  tubes  in  each  of  which  is  placed  4  c.c.  of  one  of  the 
following  strengths  of/rec  HCl:  0.2" per  cent,  o.  1  jic'r  cent.  0,65  per  cent, 
g^25*per  cent,  o.oi2,';'pcr  cent  and  o.oo6"per  cent.  Now  add  2  c.c.  of 
"Starch  paste  to  each  tube  and  shake  them  thoroughly.  Complete  the 
solutions  by  adding  2  c.c.  of  saliva  to  each  and  repeat  the  shaking.  The 
total  acidity  oi  this  series  would  be  as  follows:  0.1  per  cent,  0.05  percent, 
0.025  percent,  0.0125  percent,  0.006  per  cent  and  0.003  per  cent.  Place 
these  tubes  on  the  water-bath  at  40°  C.  for  10-20  minutes.  Divide 
the  contents  of  each  tube  into  two  parts,  testing  one  part  by  the  iodine 
test  and  testing  the  other,  after  neutralization,  by  Fehling's  test.  What 
do  you  find? 

(6)  Influence  of  Combined  Acid  {Protein  Salt) . — Repeat  the  first  three 
experiments  of  the  above  series  using  combined  hydrochloric  acid  (see 
page  136)  instead  of  the/rcc  acid.  How  does  the  action  of  the  combined 
acid  differ  from  that  of  the/rcc  acid?  (For  a  discussion  of  combined  acid 
see  page  126.)  ,      *  i.  ^''^    .  -      . .  ,  ,  j.^  , 

(c)  Influence  of  A  Ikali. — Repeat  the  first  four  experiments  under  (a)      • 
replacing  the  HCI  by  2  per  cent,  i  per  cent,  0.5  per  cent  and  025  per  cent 
NajCOs.     Neutralize  the  alkalinity  before  trying  the  iodine  test  (see 
Starch,  5,  page  5o).-0.-'~.> .  '"*-  -.  &^v,.,    ^  U^^.^~jL^a--"^  jj  ■    1.. 

(rf)  Nature  of  the  Action  of  Acid  and  Alkali. — Place  2  c.c.  of  saliva 
andTc.c.  of  0.2  per  cent  HCI  in  a  test-tube  and  leave  for  15  minutes. 
Neutralize  the  solution,  add  4  c.c.  of  starch  paste  and  place  the  tube  in 
the  incubator  or  water-bath  at  40°  C,  In  10  minutes  test-by  the  iodine 
and  Fehling's  tests  and  explain  the  result.  Repeat  the  experiment, 
replacing  the  0.2  per  cent  HCI  by  2  per  cent  NaaCOj.  What  do  you 
deduce  from  these  two  experiments? 

1^.  Influence  of  Metallic  Salts,  etc. — In  each  of  a  series  of  tubes 
place  4  c.c.  of  starch  paste  and  1/2  c.c.  of  one  of  the  solutions  named  be- 
low. Shake  well,  add  1/2  c.c.  of  saliva  to  each  tube,  thoroughly  mix, 
and  place  in  the  incubator  or  water-bath  at  40°  C.  for  10-20  minutes. 
Show  the  progress  of  digestion  by  means  of  the  iodine  and  Fehling  tests. 
Use  the  following  ciiemicals:  Metallic  salts,  10  per  cent  lead  acetate,  2 
per  cent  copper  sulphate,  5  per  cent  ferric  chloride,  8  per  cent  merpuricjlirfi 
chloride;  Neutral  salts,  10  per  cent  sodium  chloride,  10  per  cent  mag- 
nesium sulphate,  3  per  cent  barium  chloride,  10  per  cent  Rochelle  salt. 
Also  try  the  influence  of  3  per  cent  carbolic  acid,  95  per  cent  alcohol,  and 
ether  and  chloroform.     What  are  your  conclusions? 
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19.  Excretion  of  Potassium  Iodide. — Ingest  a  small  dose  of  potas- 
^um  iodide  (0.2  gram)  contained  in  a  gelatin  capsule,  quickly  rinse  out 
the  mouth  with  water,  and  then  test  the  saliva  at  once  for  iodine.  This 
test  should  be  negative.  Make  additional  tests  for  iodine  at  2-minute 
inter\'als.  The  test  for  iodine  is  made  as  follows :  Take  i  c.c.  of  NaNOj 
and  I  c.c.  of  dilute  HjSO*'  in  a  test-tube,  add  a  little  saUva  directly 
from  the  mouth,  and  a  small  amount  of  starch  paste.  The  formation  of 
a  blue  color  signifies  that  the  potassium  iodide  is  being  excreted  through 
the  salivary  glands.  Note  the  length  of  time  elapsing  between  the  inges- 
tion of  the  potassium  iodide  and  the  appearance  of  the  first  traces  of  the 
substance  in  the  saliva.  If  convenient,  the  urine  may  also  be  tested. 
The  chemical  reactions  taking  place  in  this  experiment  are  indicated  in 
the  following  equations: 

(a)  sNaNOi+HiSO*— 2HN0s+NajS0«. 

{b)  2KI+H,S04— 2HI+KiS0«. 

(c)  2HNO2+     2HI— Ij+2HjO+2NO. 

20.  Qualitative  Analysis  of  the  Products  of  Salivary  Digestion. — 
To  25  c.c.  of  the  products  of  salivary  digestion  (saved  from  Experiment 
12  or  furnished  by  the  instructor),  add  roo  c.c.  of  95  per  cent  alcohol. 
Allow  to  stand  until  the  white  precipitate  has  settled.  Filter,  evaporate 
the  filtrate  to  dryness,  dissolve  the  residue  in  5-10  c.c.  of  water  and  try 
Fehling's  test  (p.  32)  and  the  phenylhydrazine  reaction  (see  Dextrose,  3, 
page  28)!  t)n  the  dextrin  precipitate  try  the  iodine  test  (page  50). 
Also  hydrolyze  the  dextrin  as  given  under  Dextrin,  4,  page  53. 

a  brownish  aAot 


DigitizGd  by  Lj OOQ IC 


CHAPTER  rV. 
PROTEINS:'    THEIR  DECOMPOSITION  AND  SYNTHESIS. 

The  proteins  are  a  class  of  substances,  which  in  the  light  of  our  pres- 
ent knowledge,  consist,  in  the  main,  of  combinations  of  a-amino-acids  or 
their  derivatives.  These  protein  substances  form  the  chief  constituents 
of  many  of  the  fluids  of  the  body,  constitute  the  organic  basis  of  animal 
tissue,  and  at  the  same  time  occupy  a  decidedly  preeminent  position 
among  our  organic  food-stuffs.  They  are  absolutely  necessary  to  the 
uses  of  the  animal  organism  for  the  continuance  of  life  and  they  cannot 
be  satisfactorily  replaced  in  the  diet  of  such  an  organism  by  any  other 
dietary  constituent  either  organic  or  inorganic.  Such  an  organism  may 
exist  without  protein  food  for  a  period  of  time,  the  length  of  the  period 
varying  according  to  the  specific  organism  and  the  nature  of  the  substi- 
tution offered  for  the  protein  portion  of  the  diet.  Such  a  period  is,  how- 
ever, distinctly  one  of  existence  rather  than  one  of  normal  life  and  one 
which  is  consequently  not  accompanied  by  such  a  full  and  free  exercise 
of  the  various  functions  of  the  organism  as  would  be  possible  upon  an 
evenly  balanced  ration,  i.  e.,  one  containing  the  requisite  amount  of 
protein  food.  These  protein  substances  are,  furthermore,  essential 
constituents  of  all  living  cells  and  therefore  without  them  vegetable  life 
as  well  as  animal  life  is  impossible. 

The  proteins,  which  constitute  such  an  important  group  of  substances, 
differ  from  carbohydrates  and  fats  very  decidedly  in  elementary  com- 
position. In  addition  to  containing  carbon,  hydrogen,  and  oxygen,  which 
are  present  in  fats  and  carbohydrates,  the  proteins  invariably  contain 
nitrogen  in  their  molecule  and  generally  sulphur  also.  Proteins  have  also 
been  described  which  contain  phosphorus,  iron,  copper,  iodine,  manganese, 
and  zinc.  The  percentage  composition  of  the  more  important  members 
of  the  group  of  protein  substances  would  fall  within  the  following  limits: 
C  =  50-55  percent, H  =  6-7.3  P^'  cent, 0  =  19-24  per  cent,N=i5-ig  per 
cent,  5=0.3-2.5  per  cent, P  =  0.4-0,8  percent  wAcn  present.  WhentroM, 
copper,  iodine,  manganese,  or  zinc  are  present  in  the  protein  molecule  they 
are  practically  without  exception  present  only  in  traces  and  with  the  ex- 
ception of  iodine  are  probably  not  constituents  of  the  protein  molecule.' 

'  The  term  proleid  has  been  very  widely  used  by  Enfilish-speaking  scientists  to  signify 
the  class  of  substances  we  have  caUcd  proteins. 

'  Some  investigators  regard  these  elements  as  contaminations,  c 
non-protein  substance  combined  with  the  protein. 
68 
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Of  all  the  various  elements  of  the  protein  molecule,  nitrogen  is  by  far 
the  most  important.  The  human  body  needs  nitrogen  for  the  continua- 
tion of  life,  but  it  cannot  use  the  nitrogen  of  the  air  or  that  in  various 
other  combinations  as  we  tind  it  in  nitrates,  nitrites,  etc.  However,  in 
the  protein  molecule  the  nitrogen  is  present  in  a  form  which  is  ulilizable 
by  the  body.  The  nitrogen  in  the  protein  molecule  occurs  in  at  least 
/our  different  forms  as  follows: 

I,  Monamino  acid  nitrogen. 
II.  Diamino  acid  nitrogen  or  basic  nitrogen. 

III.  Amide  nitrogen. 

IV.  A  guanidine  residue. 

The  actual  structure  of  the  protein  molecule  is  still  unknown,  and  we 
have  as  yet  no  means  by  which  its  molecular  weight  can  be  even  approxi- 
mately established.  The  many  attempts  which  have  been  made  to 
determine  this  have  led  to  very  different  results,  some  of  which  are  given 
in  the  following  table: 

Globin  =15000— 16086 

Oxyhiemoglobin   =  14800—  15000— 16655—  16730 

Of  these  figures,  those  given  for  oxyhiemoglobin  deserve  the  most 
consideration,  for  these  are  based  on  the  atomic  ratios  of  the  sulphur 
and  iron  contained  in  this  substance.  The  simplest  formula  that  can 
be  calculated  from  analyses  of  oxyhemoglobin,  namely,  CbssHhsiHmt- 
SiFeOiio.  serves  to  show  the  great  complexity  of  this  substance. 

The  decomposition'  of  protein  substances  may  be  brought  about  by 
oxidation  or  hydrolysis,  but  inasmuch  as  the  hydrolytic  procedure  has 
been  productive  of  the  more  satisfactory  results,  that  type  of  decomposi- 
tion procedure  alone  is  used  at  present.  This  hydrolysis  of  the  protein 
molecule  may  be  accomplished  by  acids,  alkalis,  or  superheated  steam, 
and  in  digestion  by  the  action  of  the  proteolytic  enzymes.  The  char- 
acter of  the  decomposition  products  varies  according  to  the  method 
utilized  in  tearing  the  molecule  apart.  Bearing  this  in  mind,  we  may 
say  that  the  decomposition  products  of  proteins  include  proteoses,  pep- 
tones, peptides,  carbon  dioxide,  ammonia,  hydrogen  sulphide,  and  amino 
acids.  These  amino  acids  constitute  a  long  list  of  important  substances 
which  contain  nuclei  belonging  either  to  the  aliphatic,  carbocyclic,  or 
heterocyclic  series.  The  list  includes  glycocoU.  alanine,  serine,  phenyl- 
alanine, tyrosine,  cystine,  tryptophane,  histidine.  valine,  arginine.  leucine, 
isoleucine,  lysine,  aspartic  acid,  glutamic  acid,  proline,  oxyproline,  and 
diaminotrihydroxydodecanoic  acid.     Of  these  amino  acids,  tyrosine  and 

'The  terms  "dcRriKUliiin,"  "dissHtiation,''  and  "ekavauc,"  are  often  used  in  this 
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phenylalanine  contain  carbocyclic  nuclei:  histidine,  proline,  and  trypto- 
phane contain  heterocyclic  nuclei:  and  the  remaining  members  of  the 
list,  as  given,  contain  aliphatic  nuclei.  The  amino  acids  are  preSmi- 
nently  the  most  important  class  of  protein  decomposition  products. 
These  amino  adds  are  all  a-amino  acids,  and,  with  the  exception  of  glyco- 
coll,  are  all  optically  active.  Furthermore,  they  are  amphoteric  sub-^ 
stances  and  consequently  arc  able  toform  salts  with  both  bases  and 
acids.  These  properties  are  inherent  in  the  XHj  and  COOH  groups  of 
the  amino  acids. 

The  decomposition  products  of  protein  may  be  grouped  as  primary 
and  secondary  decomposition  products.  By  primary  products  are  meant 
those  which  exist  as  radicals  within  the  protein  molecule  and  which  are 
liberated,  upon  cleavage  of  this  molecule,  with  their  carbon  chains  intact 
and  the  position  of  their  nitrogen  unaltered.  The  secondary  products  are 
those  which  result  from  the  disintegration  of  the  primary  cleavage  prod- 
ucts. No  matter  what  method  is  used  to  decompose  a  given  protein 
molecule,  thcprimary  products  arc  largely  the  same  under  all  conditions.' 
In  the  process  of  hydrolysis  the  protein  molecule  is  gradually  broken 
down  and  less  complicated  aggregates  than  the  original  molecule  are 
fonncd,  which  are  known  as  proleoscs,  peptones,  and  peptides,  and  which 
still  possess  true  protein  characteristics.  Further  hydrolysis  causes  the 
ultimate  transformation  of  these  substances,  of  a  protein  nature,  into  the 
amino  acids  of  known  chemical  structure.  In  this  decompostion  the 
protein  molecule  is  not  broken  down  in  a  regular  manner  into  1/2, 1/4, 
1/8  portions  and  the  amino  acids  formed  in  a  group  at  the  termination  of 
the  hydrolysis.  On  the  contrary,  certain  amino  acids  are  formed  very 
early  in  the  process,  in  fact  while  the  main  hydrolytic  action  has  pro- 
ceeded no  further  than  the  proteose  stage.  Gradually  the  complexity 
of  the  protein  portion  undergoing  decomposition  is  simplified  by  the 
splitting  off  of  the  amino  acids  and  finally  it  is  so  far  decomposed  through 
previous  cleavages  that  it  yields  only  amino  acids  at  the  succeeding 
cleaAage.  In  short,  the  general  plan  of  the  hydrolysis  of  the  protein 
I  molecule  is  similar  to  the  hydrolysis  of  starch.     In  the  case  of  starch 

j  there  is  formed  a  series  of  dextrins  of  gradually  decreasing  complexity 

|.  and  coincidently  with  the  formation  of  each  dextrin  a  small  amount  of 

||  sugar  is  split  otT  and  finally  nothing  but  sugar  remains.     In  the  case  of 

|,  protein  hydrolysis  there  is  a  series  of  i>rotoins  of  gradually  decreasing 

;  complexity  priniuced  and  coincidently  with  the  formation  of  each  new 

protein  substance  amino  aciiis  arc  split  olT  and  finally  the  sole  products 
remaining  are  amino  acid^. 
Ill  '  \lk.il"if  liyiir..|>  sis  yidd'  .-.r.-.i  and  •■rniiliiiif  v.hkh  n->ull  fmni  jfjihih.',  ihe  product  of 
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Inasmuch  as  diversity  in  the  method  of  decomposing  a  given  protein 
does  not  result  in  an  equally  diversiiied  line  of  decomposition  products, 
but,  on  the  other  hand,  yields  products  which  are  quite  comparable  in 
character,  it  may  be  argued  that  there  arc  probably  well-defined  lines  of 
cleavage  in  the  individual  protein  molecule  and  that  no  matter  what  the 
force  brought  to  bear  to  tear  such  a  molecule  apart,  the  disintegration, 
when  it  comes,  will  yield  in  every  case  certain  definite  fragments.  These 
fragments  may  be  called  the  "  building  stones  "  of  the  protein  molecule, 
a  term  used  by  some  of  the  German  investigators.  Take,  for  example, 
the  decomposition  of  protein  which  may  be  brought  about  through  the 
action  of  the  enzyme  trypsin  of  the  pancreatic  Juice.  When  this  enzyme 
is  allowed  to  act  upon  a  given  protein,  the  latter  is  disintegrated  in  a 
series  of  definite  cleavages,  resulting  in  the  formation  of  proteoses,  pep- 
tones, and  peptides  in  regular  order,  the  peptides  being  the  last  of  the 
decomposition  products  which  possess  protein  characteristics.  They 
are  all  built  up  from  amino  acids  and  are  therefore  closely  related  to  these 
adds  on  the  one  side  and  to  peptones  on  the  other.  We  have  di-,  tri-, 
tetra-,  penta-,  deca-,  and  poly-peptides  which  are  named  according  to  the 
number  of  amino  acids  included  in  the  peptide  molecule.  Following  the 
peptides  there  are  a  diverse  assortment  of  monamino  and  diamino  acids 
which  constitute  the  final  products  of  the  protein  decomposition.  These 
acids  are  devoid  of  any  protein  characteristics  and  are  therefore  decidedly 
different  from  the  original  substance  from  which  they  were  derived. 
From  a  protein  of  huge  molecular  weight,  a  typical  colloid,  perhaps  but 
slightly  soluble,  and  entirely  non-diffusible,  we  have  passed  by  way  of 
proteoses,  peptones.-and  peptides  to  a  class  of  simpler  crystalline  sub- 
stances which  are,  for  the  most  part,  readily  soluble  and  diffusible. 

These  amino  acids  after  their  production  in  the  process  of  digestion, 
as  Just  indicated,  are  synthesized  within  the  organism  to  form  protein 
material  which  goes  to  build  up  the  tissues  of  the  body.  It  is  thus  seen 
that  the  amino  acids  are  of  prime  importance  in  the  animal  economy. 
It  was  formerly  believed  that  these  essential  factors  in  metabolism  and 
nutrition  could  not  be  produced  within  the  animal  organism  from  their 
elements,  but  were  only  yielded  upon  the  hydrolysis  of  ingested  protein 
of  animal  or  vegetable  origin.  Recent  experiments,  however,  by  Abder- 
holden  and  by  Grafe  and  Schiapfer  and  others  indicate  that  the  nitrogen 
of  food  protein  may  in  part  be  replaced  by  ammonium  salts.  Experi- 
ments by  Osborne  and  others  also  indicate  amino  acid  synthesis  by 
animals. 

There  are  formed,  by  life  processes  in  both  the  animal  and  the 
vegetable  kingdom  certain  transformation  products  of  amino  acids. 
Our  knowledge  regarding  these  has  been  advanced  principally  through 
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the  efforts  of  Kutscher  and  his  colleagues.  This  class  of  substances  has 
been  given  the  name  aporrkegmas.^  Among  the  aporrhegmas  are 
included  acids  and  bases  formed  in  putrefaction  as  well  as  a  number  of 
similar  compounds  which  have  not  been  isolated  from  putrefaction  mix- 
tures but  are  formed  normally  in  the  plant  or  animal  body,  (For 
further  discussion  of  aporrhegmas,  see  chapter  on  Putrefaction.) 

Important  data  regarding  the  decomposition  products  of  the  protein 
molecule  are  given  in  the  tables  which  follow. 
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When  we  examine  the  formulas  of  the  principal  members  of  the 
crystalline  end-products  of  protein  decomposition  we  note  that  they  are 
invariably  acids,  as  has  already  been  mentioned,  and  contain  an  NHi 
group  in  the  a  position.  This  relation  of  the  NHj  group  to  the  acid  radi- 
cal is  constant,  no  matter  what  other  groups  or  radicals  are  present.  We 
may  have  straight  chains  as  in  alanine  and  glutamic  acid,  the  benzene 
ring  as  in  phenylalanine,  or  we  may  have  sulphurized  bodies  as  in  cystine 
and  still  the  formula  is  always  of  the  same  type,  i.  e., 

I 
R— CH— COOH 

It  is  seen  that  this  characteristic  grouping  in  the  amino  acid  provides 
each  one  of  these  ultimate  fragments  of  the  protein  molecule  with  both  a 
strong  acid  and  a  strong  basic  group.  For  this  reason  it  is  theoretically 
possible  for  a  large  number  of  these  amino  acids  to  combine  and  the  re- 
sulting combinations  may  be  very  great  in  number,  since  there  is  such  a 
varied  assortment  of  the  acids.  The  protein  molecule,  which  is  of  such 
mammoth  proportions,  is  probably  constructed  on  a  foundation  of  this 
sort.  Of  late  much  valuable  data  have  been  collected  regarding  the  syn- 
thetic production  of  protein  substances,  the  leaders  in  this  line  of  investi- 
gation being  Fischer  and  Abderhalden.  After  having  gathered  a  mass 
of  data  regarding  the  final  products  of  the  protein  decomposition  and 
demonstrating  that  amino  acids  were  the  ultimate  results  of  the  various 
forms  of  decomposition,  these  investigators,  and  notably  Fischer,  set 
about  in  an  effort  to  form,  from  these  amino  acids,  by  synthetic  means, 
substances  which  should  possess  protein  characteristics.  The  simplest 
of  these  bodies  formed  in  tliis  way  was  synthesized  from  two  molecules 
of  glycocoll  with  the  liberation  of  water,  thus: 

CHs-CNHs)-CO  OH  H  HN-CHj-COOH. 

The  body  thus  formed  is  a  dipeptide,  called  glycyl-glycine.  In  an  analo- 
gous manner  may  be  produced  leucyl-leucine,  through  the  synthesis  of 
two  molecules  of  leucine  or  leucyl-alanyl-glycine  through  the  union  of  one 
molecule  of  leucine,  one  of  alanine,  and  one  of  glycocoll.  By  this  pro- 
cedure Fischer  and  his  pupils  have  been  able  to  malce  a  large  number  of 
peptides  containing  varied  numbers  of  amino-acid  radicals,  the  name 
polypeptides  being  given  to  the  whole  group  of  synthetic  substances  thus 
formed.  The  most  complex  poplypeptide  yet  produced  is  one  contain- 
ing fifteen  glycocoll  and  three  leucine  residues. 

Notwithstanding  the  fact  that  most  synthetic  polypeptides  are  pro- 
duced through  a  union  of  amino  acids  by  meansof  their  imide  bonds,  it 
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must  not  be  imagined  that  the  protein  molecule  is  coastnicted  from 
amino  acids  linked  together  in  straight  chains  in  a  manner  analogous  to 
the  formation  of  simple  peptides,  such  as  glycyl-glycine.  The  molecular 
structure  of  the  proteins  is  much  too  complex  to  be  explained  upon  any 
such  simple  formation  as  that.  There  must  be  a  variety  of  linkings. 
since  there  is  a  varied  assortment  of  decomposition  products  of  totally 
different  structure. 

Many  of  these  synthetic  bodies  respond  to  the  biuret  test,  are  precipi- 
tated by  phosphotungstic  acid,  and  behave,  in  other  ways,  as  to  leave  no 
doubt  as  to  their  protein  characteristics.  For  instance,  a  number  of 
amino  acids  each  possessing  a  su-cet  taste  have  been  synthesized  in  such  a 
manner  as  to  \ield  a  polypeptide  of  hitler  taste,  a  well-known  character- 
istic of  peptones.  From  the  fact  that  the  polv-peptides  formed  in  the 
manner  indicated  have  free  acidic  and  basic  radicals  we  gather  the 
explanation  of  the  amphoteric  chiracter  of  true  proteins. 

For  the  benettt  of  those  especially  interested  in  such  matters  a  photo- 
graph oi  the  Fischer  apparatus  \  Fig.  jjt,  page  So*  used  in  the  fractional 
distillation,  in  rijixc.  of  the  esters  of  the  decomposition  products  of  the 
proteins,  as  well  as  micro-phott^aphs  and  drawings  of  preparations  of 
severi!  of  these  decomposition  products  (Figs,  20  to  33.  pages  77  to  89) 
are  intnxiuced.  For  the  preparations  and  the  photograph  of  the  appa- 
ntus  the  author  is  indebted  to  Dr.  T.  B.  Osborne,  of  Xew  Haven.  Conn., 
who  has  made  many  important  obser\'ations  upon  the  hydrolysis  of 
proteins.  The  reproduction  of  the  cn'stalline  form  ol  some  of  the  more 
recent  of  the  products  may  be  of  interest  to  those  viewing  the  beld  of 
physiological  chemistr/  from  other  than  the  student's  aspect. 

.\n  extended  discussion  of  the  various  decomposition  products  being 
out  of  place  in  a  bi.>ok  of  this  character,  we  will  simply  make  a  few  general 
statenients  in  connection  with  the  primar\-  decomposition  producis- 

DISCnsSION  OF  THE  PRODUCTS. 


NH:. — A~rr.oE.ia  is  an  important  decomposition  product 
•  i~i  probiv-^y  arises  from  an  amide  group  combined 
1  ^ .  -p  y.  S'.-~c  of  the  amino  acids.  It  is  possible  that  the 
isrirtfo  a:ic  ii'iiiamic.  furnish  most  of  these  carboxj"! 
is  ir.  zicate-,;  by  the  more  or  less  ck>se  relationship  which 
1  ;hc  ^nfwvr.:  of  ammonia  and  that  of  the  dibasic  «dds 
:ra'  p:c-;e:3?  \  ield  upon  dtvorr.fv^sition.  The  elimination 
ia  :>or.-.  jTotcins  un»ier  the  action  of  acids  and  alkalis  is 
.■  ;"~a:  iron'.  an'-itU-s  like  asparatiino- 
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GlycocoU,  CiHiiNOi. — GlycocoU,  or  amino  aceji 
of  the  amino  acids  and  has  the  following  formula: 
NHj 


77 
Jicid,  is  the  simplest 


H- 


COOH. 


GlycocoU,  as  the  formula  shows,  contains  no  asymmetric  carbon  atom, 
dnd  is  the  only  amino  acid  yielded  by  protein  decomposition  which  is 
optically  inactive.  GlycocoU  and  leucine  were  among  the  first  decom- 
position products  of  proteins  to  be  discovered.  Upon  administering 
benzoic  acid  to  animals  the  output  of  hippuric  acid  in  the  urine  is  greatly 


ESTEK    HVDROCHLOHIDE. 

increased,  thus  showing  a  synthesis  of  benzoic  acid  and  glycocoU  in  the 
organism  (see  page  i68.  Chapter  IX).     GlycocoU,  ingested  in  small 
amount,  is  excreted  in  the  urine  as  urea,  whereas  if  administered  in 
excess  it  appears  in  part  unchanged  in  the  urine.     It  is  usually  separated 
from  the  mixture  of  protein  decomposition  products  as  the  hydrochloride 
of  the  ester.    The  crystalline  form  of  this  compound  is  shown  in  Fig.  20. 
Alanine,  CsHtNOj. — Alanine  is  a-amino- propionic  acid,  and  as  such 
it  may  be  represented  structurally  as  follows: 
H    NHs 
I       I 
H— C— C— COOH. 


Obtained  from  protein  substances,  alanine  is  dextro-rotatory,  is  very 
soluble  in  water,  and  possesses  a  sweet  taste.     Tyrosine,  phenylalanine, 
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cystine,  and  serine  are  derivatives  of  alanine.  This  amino  add  has  been 
obtained  from  nearly  all  proteins  examined.  Its  absence  from  those 
proteins  from  which  it  has  not  been  obtained  has  not  been  proven. 
Most  proteins  yield  relatively  small  amounts  of  alanine. 

Serine,  CjHiNOj. — Serine  is  a-amino-^-hydroxy-propionic  acid  and 
possesses  the  following  structural  formula: 
OHNH, 
I      I 
H— C— C— COOH. 
I      I 
H    H 

Serine  obtained  from  proteins  is  Uevo-rotatory,  possesses  a  sweet  taste, 
and  is  quite  soluble  in  water.  Serine  is  not  obtained  in  quantity  from 
most  proteins,  but  is  yielded  abundantly  by  silk  glue.  Owing  to  the 
difficulty  of  separating  serine  it  has  not  been  found  in  a  number  of 
proteins  in  which  it  probably  occurs.  Serine  crystals  are  shown  in  Fig. 
21,  below. 


Phenylalanine,    CsHuNOj. — This    product    is    ff-pkenyl-a-amino- 
propionic  acid,  and  may  be  represented  graphically  as  follows: 
H    NH, 
I      I 
y.  C— C— COOH. 

^^.  I      I 

\/         ^    ^ 
The  la:vo-rotatory  form  is  obtained  from  proteins.     Phenylalanine  has 
been  obtained  from  all  the  proteins  examined  except  from  the  protamines 
and  some  of  the  albuminoids.    The  yield  of  this  body  from  the  decom- 
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position  of  proteinsis  frequently  greater  than  the  yield  of  tyrosine. 
The  crystalline  form  of  phenylalanine  is  shown  in  Fig.  22, 

Tyrosine,  CbHuNOj. — Tyrosine,  one  of  the  first  discovered  end- 
products  of  protein  decomposition,  is  the  amino  acid,  p-oxy-^-phenyUa- 
amino-propionic  acid.    It  has  the  following  formula: 

H    NHi 

I      I 

C— C— COOH. 

I  I 
H   H 

OH 

The  tyrosine  which  results  from  protein  decomposition  is  usually  laevo- 
rotatory.  Tyrosine  is  one  of  the  end-products  of  tryptic  digestion  and 
usually  separates  in  conspicuous  amount  early  in  the  process  of  diges- 


tion. ^"11  does  not  occur,  however,  as  an  end-product  of  the  decomposi- 
tion of  gelatin. 

Tyrosine  is  found  in  old  cheese,  and  derives  its  name  from  this  fact. 
It  crystallizes  in  tufts,  sheaves,  or  balls  of  fine  needles,  which  decompose 
at  295°  C.  and  are  sparingly  soluble  in  cold  (1-2454)  water,  but  much 
more  so  in  boiling  (1-154)  water.  Tyrosine  forms  soluble  salts  with 
alkalis,  ammonia,  or  mineral  acids,  and  is  soluble,  with  difficulty,  in 
acetic  acid.  It  responds  to  Millon's  reaction,  thus  showing  the  presence 
of  the  hydroxyphenyl  group,  but  gives  no  other  protein  test.  The  aro- 
matic groups  present  in  tyrosine,  phenylalanine,  and  tryptophane  cause 
proteins  to  yield  a  positive  xanthoproteic  reaction.  In  severe  cases  of 
typhoid  fever  and  smallpox,  in  acute  yellow  atrophy  of  the  liver,  and  in 
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C  Ik  fast  pan  trf  Ik  ■fcfaitii«  nd  rf  j 


',  CJIeOiXaSi^ — Fnedmaiui  has  recently  sliown  cv-^ttne  to 
*-^^ithu/^tiyl  tcid  and  to  possess  tlic  ioUowin^  stnictiiral 


CH,S— SCH, 
CH-XH.   CHXH, 
COOH      COOH 


-^5^^^e 


Cystine  is  the  principal  sulphur-containing  body  obtained  from  the 
decomposition  of  protein  substances.  It  is  obtained  in  greatest  amount 
as  a  decomposition  product  of  such  keratin-containing  tissues  as  horn, 


\. — Tyrosine. 


hoof,  and  hair.  Cystine  occurs  in  small  amount  in  normal  urine  and  is 
greatly  increased  in  quantity  under  certain  pathological  conditions.  It 
crystallizes  in  thin,  colorless,  h&tagonal  plates  which  are  shown  in  Fig, 
25.  Cystine  is  very  slightly  soluble  in  water  but  its  salts,  with  both 
bases  and  acids,  are  readily  soluble  in  water.     It  is  laevo-rotatory. 


It  was  formerly  claimed  that  cystine  occurred  in  two  forms,  i.  e., 
stone-cystine  and  protein-cystine  and  that  these  two  forms  are  distinct 
in  their  properties.     This  view  is  incorrect. 
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For  a  discussion  of  cystine  sediments  in  urine  see  Chapter  XX. 
TiTptoidiane,  CnHuNjOi. — Recently  EUinger  and  Flamand  have 
shown  that  tryptophane  possesses  the  following  formula: 

/X         CCH,CH(NHi)COOH 

\/\JcH 
NH 

It  is  therefore  indol-a-amino-propionic  acid.  Tyrophane  is  the 
mother -substance  of  indole,  skatole,  skatole  acetic  acid  and  skatole  carboxylic 
acid,  all  of  which  are  formed  as  secondary  decomposition  products  of 
proteins.  Its  presence  in  protein  substances  may  be  shown  by  means  of 
the  Adamkiewicz  reaction  or  the  Hopkins-Cole  reaction  (see  page  98). 
It  may  be  detected  in  a  tryptic  digestion  mixture  through  its  property  of 
giving  a  violet  color-reaction  with  bromine  water.  Tryptophane  is 
yielded  by  nearly  all  proteins,  but  has  been  shown  to  he  entirely  absent  from 
zein,  the  prolamin  (alcohol-soluble  protein)  of  maize  and  also  from  gelatin. 

Upon  being  heated  to  285°  C.  tryptophane  decomposes  with  the 
evolution  of  gas. 

Histidine,   CgHeNjOs. — Histidine  is   a-amino-^-imidazol-propionic 
acid  with  the  following  structural  formula: 
H    NHi 
I      I 
HC  =  C— C— C— COOH. 


CH 

The  histidine  obtained  from  proteins  is  lievo-rotatory.  It  has  been 
obtained  from  all  the  proteins  thus  far  examined,  the  majority  of  them 
yielding  about  2.5  per  cent  of  the  amino  acid.  However,  about  11  per 
cent  tvas  obtained  by  Abderhalden  from  globin,  the  protein  constituent 
of  oxyhfemoglobin  and  about  13  per  cent  by  Kossel  and  Kutscher  from 
the  protamine  sturine. 

Ctystals  of  histidine  dichloride  are  shown  in  Fig.  26,  page  83. 

Knoop's  Color  Reaction  for  Histidine. — To  an  aqueous  solution  of 
histidine  or  a  histidine  salt  in  a  test-tube  add  a  little  bromine  water.  A 
yellow  coloration  develops  in  the  cold  and  upon  further  addition  of  bro- 
mine water  becomes  permanent.  If  the  tube  be  heated,'  the  color  will 
disappear  and  will  shortly  be  replaced  by  a  faint  red  coloration  which 

'  The  same  reaction  will  take  place  in  ihe  cold  more  slowly. 
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gradually  passes  into  a  deep  wine  red.     Usually  black,  amorphous  par- 
tides  separate  out  and  the  solution  becomes  turbid. 

The  reaction  cannot  be  obtained  in  solutions  containing  free  alkali. 
It  is  best  to  use  such  an  amount  of  bromine  as  will  produce  a  permanent 
yellow  color  in  the  cold.  The  use  of  a  less  amount  of  bromine  than  this 
produces  a  weak  coloration  whereas  an  excess  of  bromine  prevents  the 
reaction.     The  test  is  not  very  delicate,  but  a  characteristic  reaction 


Fir..   JU-^HiSTronjE  Dichioride, 

ma  yalways  be  obtained  in  i:iooo  solutions.  The  only  histidine  de- 
rivative which  yields  a  similar  coloration  is  imidazolethylamine,  and 
the  reaction  in  this  case  is  rather  weak  as  compared  with  the  color  ob- 
tained with  histidine  or  histidine  salts. 

Valine,  CsHuNOj.— The  amino- valerianic  acid  obtained  from 
proteins  is  a-amino-isovalerianic  acid,  and  as  such  bears  the  following 
formula: 

CHa    NH. 
I  I 

H— C-^C— COOH. 

I  I 

CHj   H 

It  closely  resembles  leucine  in  many  of  its  properties,  but  is  more  soluble 
I  in  water.  It  is  a  difficult  matter  to  identify  valine  in  the  presence  of 
leucine  and  isoleucine  inasmuch  as  these  amino  acids  crystallize  together 
in  such  a  way  that  the  combination  persists  even  after  repeated  recrys- 
tallizations.     Valine  is  dextro-rotatory. 

Arginine,  C^HnNjOj. — Arginine  is  guanidine-a-amino-valcrianic 
acid  and  possesses  the  following  structural  formula: 
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H    H    H    NHj 

I    I    I    I 

NH— C— C— C— C— COOH. 

i  I      I      I      I 

N'H  =  C        H    H    H    H 

I 

It  has  been  obtained  from  every  protein  so  far  subjected  to  decomposi- 
tion. The  arginine  obtained  from  proteins  is  dextro-rotatory,  and  has 
pronounced  basic  properties,  reacts  strongly  alkaline  to  litmus,  and  forms 
stable  carbonates.  Because  of  these  facts,  Kossel  considers  arginine  to 
be  the  nucleus  of  the  protein  molecule.  It  is  obtained  in  widely  different 
amounts  from  different  proteins,  over  85  per  cent  of  certain  protamines 
having  been  obtained  in  the  form  of  this  amino  acid.  It  is  claimed  that 
in  the  ordinary  metabolic  activities  of  the  animal  body  arginine  gives  rise 
to  urea.  While  this  claim  is  probably  true,  it  should,  at  the  same  time, 
be  borne  in  mind  that  the  greater  part  of  the  protein  nitrogen  is  eliminated 
as  urea  and  that,  therefore,  but  a  very  small  part  can  arise  from  arginine. 
Leucine,  C«HiiNO:. — Leucine  is  an  abundant  end-product  of  the 
decomposition  of  protein  material,  and  was  one  of  the  first  of  these 
products  to  be  discovered.  It  is  a-amino-isobutyl-acelic  acid,  and 
therefore  has  the  following  formula: 

CH3     NHj 

I  I 

H— CCHi-C— COOH. 

\  I 

CH,     H 

The  leucine  which  results  from  protein  decomposition  is  /-leucine. 
Leucine  is  present  normally  in  the  pancreas,  thymus,  thyroid,  spleen, 
brain,  liver,  kidneys,  and  sahvary  glands.  It  has  been  ioMaii  patholog- 
ically in  the  urine  (in  acute  yellow  atrophy  of  the  liver,  in  acute  phos- 
phorus poisoning,  and  in  severe  cases  of  typhoid  fever  and  smallpox), 
and  in  the  liver,  blood,  and  pus. 

Pure  leucine  crystallizes  in  thin,  white,  hexagonal  plates.  Crystals 
of  pure  leucine  are  reproduced  in  Fig.  27.  It  is  rather  easily  soluble  in 
water  (46  parts),  alkalis,  ammonia,  and  acids.  On  rapid  heating  to  295" 
C,  leucine  decomposes  with  the  formation  of  carbon  dioxide,  ammonia, 
and  amylamine.  Aqueous  solutions  of  leucine  obtained  from  proteins 
arelasvo-rotatory.  but  its  acid  or  alkaline  solutions  are  dextro-rotatory. 
So-called  impure  leucine'  is  a  slightly  refractive  substance,  which  gen- 
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erally  crystallizes  in  balls  having  a  radial  structure,  or  in  aggregations  of 
spherical  bodies,  Fig.  109,  Chapter  XX. 

Isoleucine,  C«HiiNOi. — Isoleucine  is  a-amino-^-methyl-^-ethyl-pro- 
pionic  acid,  and  possesses  the  following  structural  formula: 
CH3     NHj 
I  I 

H— C     ■     C— COOH. 
I  I 

CHs    H 

This  amino  acid  was  discovered  by  Ehrlich  in  1903.     Its  presence  has 
been  established  among  the  decomposition  products  of  only  a  few  pro- 


teins although  it  probably  occurs  among  those  of  many  or  most  of  them. 
Ehrlich  has  shown  that  the  d-amyl  alcohol  which  is  produced  by  yeast 
fermentation  originates  from  isoleucine  and  the  isoamylalcohol  origin- 
ates from  leucine.     Isoleucine  is  dextro-rotatory. 

Lysine,  CgHuNjOj.^The  three  bodies,  lysine,  arginine,  and  his- 
tidine,  are  frequently  classed  together  as  the  hexone  bases.  Lysine  was 
the  first  of  the  bases  discovered.  It  is  a-e-diamino-capraic  acid  and 
hence  possesses  the  following  structure: 

NH2H    H     H  NHj 
I        I        I        !       I 
H— C  — C— C— C— C-COOH 
I        I       I       i      I 
H     H     H     H  H 

It  is  dextro-rotatory  and  is  found  in  relatively  large  amount  in  casein  and 
gelatin.  Lysine  is  obtained  from  nearly  all  proteins,  but  is  absent  from 
the  vegetable  proteins  which  are  soluble  in  strong  alcohol.  It  is  the 
mother-substance  of  cadaverin  and  has  never  been  obtained  in  crystalline 
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form.     Lysine  is  usually  obtained  as  thepicrate  which  is  sparingly  soluble 
in  water  and  crystallizes  readily,     These  crystals  are  shown  in  Fig.  28. 


Fic.  28.— LYSINE  Pics  ATE. 


Fig,  ifl.— AspAKTic  Acid. 

Aspartic  Acid,  CiHtNO*.— Aspartic  acid  is  amino-succinic  acid  and 

has  the  following  structural  formula: 

NHo  I 

I 
H— C-COOH  ' 

H— CCOOH. 

I 
H 

The  amide  of  aspartic  acid,  asparagine.  is  very  widely  distributed 
in  the  vegetable  kingdom.  The  crystalline  form  of  aspartic  acid  is 
exhibited  in  Fig.  39. 
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Aspartic  acid  has  been  found  among  the  decomposition  products  of 
all  the  proteins  examined,  except  the  prolamines.  It  has  not  been  ob- 
tained, however,  in  very  large  proportion  from  any  of  them,  The 
aspartic  acid  obtained  from  protein  is  I a;vo- rotatory. 

Glutamic  Acid,    CiHsNOi. — This   acid  is   a-amino-normal-glularic 
acid  and  as  such  bears  the  following  graphic  formula: 
NHj 
I 
H— CCOOH 

I 
H— C— H 

I 
H— CCOOH. 

H 
Glutamic  acid  is  yielded  by  all  the  proteins  thus  far  examined,  except 
the  protamines,  and  by  most  of  these  in  larger  amount  than  any  other  of 


I~[i;.  30, — Glutamic  .^cid. 

Reproduced  from  a  micro- photograph  made  by  Prof.  E.  T.  Reichert,  of  the  Univerwty  of 

Pennsylvania. 

their  decomposition  products.  It  is  yielded  in  especially  large  propor- 
tion by  most  of  the  proteins  of  seeds,  43.66  per  cent  having  been  ob- 
tained ver>'  recently  by  Osborne  and  Guest*  by  the  hydrolysis  of  gliadin. 
the  prolamin  of  wheat.  This  is  the  largest  amount  of  any  single  decom- 
position product  yet  obtained  from  any  protein  except  the  protamines. 
Glutamic  acid  and  aspartic  acid  are  the  only  dibasic  acids  which  have 
thus  far  been  obtained  as  decomposition  products  of  proteins.  As  there 
is  an  apparent  relation  between  the  proportion  of  these  acids  and  that  of 
'  Osborne  and  Guest:  Jour.  Biol.  Chem.,  q,  435,  ipii. 
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ammonia  which  the  different  proteins  yield  it  is  possible  that  one  of  the 
carboxyl  groups  of  these  acids  is  united  with  NHj  as  an  amide,  the  other 
carboxyl  group  being  united  in  polypeptide  union  (seepage  75)  with  some 
other  amino  acid.     This  might  be  represented  by  the  following  formula; 

R— CHNH— COOH 
/ 
CO— CHNHj— CH^CHi— CONHj. 

It  has  not  been  definitely  proven,  however,  that  this  form  of  linking 
actually  occurs. 

The  glutamic  acid,  >-ieIded  by  proteins  upon  hydrolysis,  is  dextro- 
rotatory.    Crystals  of  glutamic  acid  are  reproduced  in  Fig.  30,  p.  87. 


Fig.  31.— L«vo-a-PROLiNE. 


Proline,   CsH»NOi.- — Proline  is   a-pyrrolidine-carboxylk  acid  and 
possesses  the  following  graphic  structure: 


H,C\/CHCOOH. 
NH 

Prohne  was  first  obtained  as  a  decomposition  product  of  casein.  Pro- 
line obtained  from  proteins  is  lasvo-rotatory  and  is  the  only  protein  de- 
composition product  which  is  readily  soluble  in  alcohol.  It  is  also  one  of 
the  few  heterocyclic  compounds  obtained  from  proteins.  Proline  has 
been  found  among  the  decomposition  products  of  all  proteins  except  the 
protamines.  The  maximum  yield  reported  is  13.73  P^r  cent  obtained 
by  Osborne  and  Clapp  from  the  hydrolysis  of  hordein.     More  recently 
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Fischer  and  Boehner'  reported  having  obtninerl  7.7  per  cent  from  the 
hydrolysis  of  gelatin.  The  crystaUinc  form  ot  ItFvo-a- praline  is  shown 
in  Fig.  31,  and  the  copper  salt  of  proline  is  represented  by  a  micro- 
photograph  in  Fig.  32,  below.  The  crystals  of  the  copper  salt  have  a 
deep  blue  color,  but  when  they  lose  their  water  of  crystallization  they 
assume  a  characteristic  violet  color. 


Ojyproline,  CsHgNOj. — ^Oxyproline  was  discovered  by  Fischer. 
It  has  as  yet  been  obtained  from  only  a  few  proteins,  but  this  may  be  due 
to  the  fact  that  only  a  few  have  been  examined  for  its  presence.  The 
position  of  the  hydraxyl  group  has  not  yet  been  established. 

Diaminotriliydroxydodecanoic  Acid,  CnHjsNaOs. — This  amino  add 
was  discovered  by  Fischer  and  Abderhalden  as  a  product  of  the  hydrol- 
ysis of  casein.  It  has  thus  far  been  obtained  from  no  other  source. 
It  is  lie vo- rotatory  and  its  constitution  has  not  been  determined. 


Experiments. 

While  the  ordinary  courses  in  physiological  chemistry  preclude  any 
extended  study  of  the  decomposition  products  of  proteins,  the  manipula- 
tion of  a  simple  decomposition  and  the  subsequent  isolation  and  study  of 
a  few  of  the  products  most  easily  and  quickly  obtained  will  not  be  with- 
out interest.'     To  this  end  the  student  may  use  the  following  decomposi- 

'  Fischer  and  Boehner;  Zeil.  phys.  ihcm,.  65,  p.  1 18,  iqio. 

•The  procedure  here  set  forth  has  nothing  in  common  wiih  the  procedure  by  means 
of  which  the  long  line  of  decomitosition  products  just  enumerated  are  obtained.  This  latter 
process  is  an  exceedingly  complicated  one  which  is  entirely  outside  the  province  of  any  course 
*n  physiological  chemistry. 
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tion  procedure :  Treat  the  protein  in  a  large  flask  with  water  containing 
3-5  per  cent  of  HjSOi  and  place  it  on  a  water-bath  until  the  protein  ma- 
terial has  been  decomposed  and  there  remains  a  fine,  fluffy,  insoluble 
residue.  Filter  off  this  residue  and  neutralize  the  filtrate  with  Ba(OH)j 
and  BaCOa.  Filter  off  the  precipitate  of  BaS04  which  forms  and  when 
certain  that  the  fluid  is  neutral  or  faintly  add,'  concentrate  (first  on  a 
wire  gauze  and  later  on  a  water-bath)  to  a  syrup.  This  syrup  contains 
the  end-products  of  the  decomposition  of  the  protein,  among  which  are 
proteoses,  peptones,  tyrosine,  leucine,  etc.  Add  95  per  cent  alcohol  slowly 
to  the  warm  syrup  until  no  more  precipitate  forms,  stirring  continuously 
with  a  glass  rod.  This  precipitate  consists  of  proteoses  and  peptones. 
Gather  the  sticky  precipitate  on  the  rod  or  the  sides  of  the  dish,  and, 
after  warming  the  solution  gently  for  a  few  moments,  filter  it  through 
a  filter  paper  which  has  not  been  previously  moistened.  After  dissolv- 
ing the  precipitate  of  proteoses  and  peptones  in  water^  the  solution  may 
be  treated  according  to  the  method  of  separation  given  on  page  lao. 

The  leucine  and  tyrosine,  etc.,  are  in  solution  in  the  warm  alcoholic 
filtrate.  Concentrate  this  filtrate  on  the  water-bath  to  a  thia  syrup, 
transfer  it  to  a  beaker,  and  allow  it  to  stand  over  night  in  a  cool  place  for 
crystallization.  The  tyrosine  first  crystallizes  (Fig.  24,  pageS  i) ,  followed 
later  by  the  formation  of  characteristic  crystals  of  impure  leucine  (see  Fig. 
109,  Chapter  XX),  After  examining  these  crystals  under  the  microscope, 
strain  off  the  crystalline  material  through  fine  muslin,  heat  it  gently  in  a 
little  water  to  dissolve  the  leucine  (the  tyrosine  will  be  practically  insolu- 
ble) and  filter.  Concentrate  the  filtrate  and  allow  it  to  stand  in  a  cool  place 
over  night  for  the  crude  leucine  to  crystallize.  Filter  off  the  crystals  and 
use  them  in  the  tests  for  leucine  given  on  page  91.  The  crystals  of  tyrosine 
remaining  on  the  paper  from  the  first  filtration  may  be  used  in  the  tests 
for  tyrosine  as  given  below.  If  desired,  the  tyrosine  and  leucine  may  be 
purified  by  recrystallizing  in  the  usual  manner.  Habermann  has  suggested 
a  method  of  separating  leucine  and  tyrosine  by  means  of  glacial  aceticadd. 

Experiments  on  Tyrosine. 

Make  the  following  tests  with  the  tyrosine  crystals  already  prepared 
or  upon  some  pure  tyrosine  furnished  by  the  instructor. 

I.  Microscopical  Examination. — Place  a  minute  crystal  of  tyrosine 
on  a  slide,  add  a  drop  of  water,  cover  with  a  cover-glass,  and  examine 


'  n  the  solution  U  alkaline  in  reaction  at  this  poiot,  the  amino  acids  will  be  broken  down 
and  ammonia  will  be  evolved. 

'  At  this  point  the  aqueous  solution,  of  the  proteoses  and  peptones  may  be  filtered  to 
remove  any  BaSOi  which  may  still  remain.  Tyroane  crystals  will  aJso  be  found  here,  since 
it  is  less  soluble  than  the  leucine  and  may  adhere  to  the  proteosc-peplone  precipitate.  Add 
the  crystals  of  tyrosine  to  the  warm  alcohol  filtrate. 
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microscopically.  Now  run  more  water  under  the  cover-glass  and  warm 
in  a  bunsen  3ame  until  the  tyrosine  has  dissolved.  Allow  the  solution 
to  cool  slowly,  then  examine  again  microscopically,  and  compare  the 
crystals  with  those  shown  in  Fig.  24,  page  81. 

2.  Sotubili^. — Try  the  solubility  of  very  smalt  amounts  of  tyrosine 
in  cold  and  hot  water,  cold  and  hot  95  per  cent  alcohol,  dilute  NH,OH, 
dUute  KOH  and  dilute  HCI. 

3.  Sublimation. — Place  a  little  tyroane  in  a  dry  test-tube,  heat 
gently  and  notice  that  the  material  does  not  sublime.  How  does  this 
compare  with  the  result  of  Experiment  3  under  Leucine? 

4.  HofEman's  Reaction. — Tlus  is  the  name  given  to  MUlon's  reaction 
when  employed  to  detect  tyrosine.  Add  about  3  c.c.  of  water  and  a  few 
drops  of  Millon's  reagent  to  a  little  tyrosine  in  a  test-tube.  Upon  dissolv- 
ing the  tyrosine  by  heat  the  solution  gradually  darkens  and  may  assume 
a  dark  red  color.  What  group  does  this  test  show  to  be  present  in 
tyrosine? 

5.  Piria's  Test. — Warm  a  little  tyrosine  on  a  watch  glass  on  a  boiling 
water-bath  for  20  minutes  with  3-5  drops  of  cone.  HjSO*.  Tyrosine- 
sulphuric  acid  is  formed  in  the  process.  Cool  the  solution  and  wash  it 
into  a  small  beaker  with  water.  Now  add  CaCOs  in  substance  slowly 
with  stirring,  until  the  reaction  of  the  solution  is  no  longer  acid.  Filter, 
concentrate  the  filtrate,  and  add  to  it  a  tew  drops  (avoid  an  excess)  of 
very  dilute  neutral  ferric  chloride.  A  purple  or  violet  color,  due  to  the 
formation  of  the  ferric  salt  of  tyrosine-sulphuric  acid,  is  produced.  This 
is  one  of  the  most  satisfactory  tests  for  the  identification  of  tyrosine. 

6.  MSmer's  Test. — Add  about  3  c.c.  of  Momer's  reagent*  to  a 
little  tyrosine  in  a  test-tube,  and  gently  raise  the  temperature  to  the 
boiling-point.     A  green  color  results. 

Experiments  on  Leucine. 

Make  the  following  test  upon  the  leucine  crystals  already  prepared 
or  upon  some  pure  leucine  furnished  by  the  instructor. 

r,  2  and  3.  Repeat  these  experiments  according  to  the  directions 
given  under  Tyrosine  (pages  90  and  91). 
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CHAPTER  V. 

PROTEINS:  THEIR  CLASSIFICATION  AND 
PROPERTIES. 

FsoH  what  has  already  been  said  in  Chapter  IV  regarding  the  protein 
substances  it  will  be  recognized  that  the  grouping  of  the  diverse  forms  of 
this  class  of  substances  in  a  logical  manner  is  not  an  easy  task  The  fats 
and  carbohydrates  may  be  classified  upon  the  fundamental  principles  of 
their  stereo-chemical  relationships,  whereas  such  a  system  of  classifica- 
tion in  the  case  of  the  proteins  is  absolutely  impossible  since,  as  we  have 
already  stated,  the  molecular  structure  of  these  complex  substances  is 
unknown.  Because  of  the  diversity  of  standpoint  from  which  the  pro- 
teins may  be  viewed,  relative  to  their  grouping  in  the  form  of  a  logically 
classified  series,  it  is  obvious  that  there  is  an  opportunity  for  the  presen- 
tation of  classifications  of  a  widely  divergent  character.  The  fact  that 
there  were  until  recently  at  least  a  dozen  different  classifications  which 
were  recognized  by  various  groups  of  English-speaking  investigators  em- 
phasizes the  difficulties  in  the  way  of  the  individual  or  individuals  who 
would  offer  a  classification  which  should  merit  universal  adoption.  Re- 
alizing the  great  handicap  and  disadvantage  which  the  great  diversity  of 
the  protein  classifications  was  forcing  upon  the  workers  in  this  field,  the 
Chemical  and  Physiological  Societies  of  England  recently  drafted  a  clas- 
sification which  appealed  to  these  groups  of  scientists  as  fulfilling  all  re- 
quirements and  presented  it  for  the  consideration  of  the  American  Phys- 
iological Society  and  the  American  Society  of  Biological  Chemists.  The 
outcome  of  this  has  been  that  there  are  now  only  two  protein  classifica- 
tions which  are  recognized  by  English-speaking  scientists,  one  the  Brit- 
ish Classification,  the  other  the  American  Classification.  These  classifi- 
cations are  very  similar  and  doubtless  will  ultimately  be  merged  into  a 
sii^le  classification.  In  our  consideration  of  the  proteins  we  shall  con- 
form in  all  details  to  the  American  Classification.  In  this  connection 
we  will  say,  however,  that  we  feel  that  the  English  Societies  have  strong 
grounds  for  preferring  the  use  of  the  term  scleroproleins  for  album- 
inoids and  chromopTokins  for  haemoglobins.  The  two  classifications 
are  as  follows: 

92 
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CLASSIFICATION  OF  PROTEINS  ADOPTED  BY  THE  AMERI- 
CAN PHYSIOLOGICAL  SOCIETY  AND  THE  AMERICAN 
SOCIETY  OF  BIOLOGICAL  CHEMISTS. 

L  SIHPI£  PROTEINS. 
Protein  substances  which  yield  only  a-amino  acids  or  their  deriva- 
tives on  hydrolysis. 

(a)  Albumins.— Soluble  in  pure  water  and  coagulable  by  heat, 
e.  g.,  ovalbumin,  serum  albumin,  laclalbumin,  vegetable  albumins. 

(b)  Globulins.' — Insoluble  in  pure  water  but  soluble  in  neutral 
solutions  of  salts  of  strong  bases  with  strong  acids,'  e.  g.,  serum  globulin, 
moglobulin,  edestin,  amandin,  and  other  vegetable  globulins. 

(c)  Glutelins. — Simple  proteins  insoluble  in  all  neutral  solvents,  but 
readily  soluble  in  very  dilute  acids  and  alkalis/  e.  g.,  glutenin. 

{d)  Alctdiol-soluble  Proteins  (Prolamins).' — Simple  proteins  sol- 
uble in  70-80  per  cent  alcohol,  insoluble  in  water,  absolute  alcohol,  and 
other  neutral  solvents,*  e.  g.,  zein,  gliadin,  hordein,  and  bynin. 

(e)  Albuminoids.— Simple  proteins  possessing  a  similar  structure  to 
those  already  mentioned,  but  characterized  by  a  pronounced  insolubility 
in  all  neutral  solvents,*  e.  g.,  elastin,  collagen,  keratin. 

if)  Histones. — Soluble  in  water  and  insoluble  in  very  dilute  ammo- 
lua,  and,  in  the  absence  of  ammonium  salts,  insoluble  even  in  excess  of 
ammonia;  yield  precipitates  with  solutions  of  other  proteins  and  a  coagu- 
lum  on  heating  which  is  easily  soluble  in  very  dilute  acids.  On  hydroly- 
sistheyyielda  iargenumber  of  aminoacids  among  which  the  basiconespre- 
dominate.  In  short,  histones  are  basic  proteins  which  stand  between 
protamines  and  true  proteins,  e.  g.,  globin,  thymus  fiistone,  scombrone. 

(g)  Protamines. — Simpler  polypeptides  than  the  proteins  included 
in  the  preceding  groups.  They  are  soluble  in  water,  uncoagulable  by 
heat,  have  the  property  of  precipitating  aqueous  solutions  of  other  pro- 
teins, possess  strong  basic  properties  and  form  stable  salts  with  strong 
mineral  acids.  They  yield  comparatively  few  amino  acids,  among 
which  the  basic  ones  predominate.  They  are  the  simplest  natural 
proteins,  e.  g.,  salmine,  sturine,  clupeine,  scombrine. 

'  The  precipitation  limits  with  ammoniuin  sulphate  should  not  be  made  a  basis  for  dis- 
tingtiishinK  the  albumins  from  the  globulins. 

'  Such  substances  occur  in  abundance  in  the  seeds  of  eeteais  and  doubtless  represent  a 
wcU-dc&ned  natural  group  of  simple  proteins. 

'  The  name  prolamins  has  been  suRgesled  for  these  alcohol -soluble  proteins  by  Dr. 
Thomas  B.  Osborne  {Science.,  igo8,  XXVni,p.  417).  It  is  a  very  fitting  term  inasmuch  as 
iqion  hydrolysis  they  yield  particularly  large  amounts  of  prolint  and  ammonia. 

*  The  subclasses  defined  (a.  b.  c,  d.)  are  exemplified  by  proteins  obtained  from  both  plants 
and  animals.  The  use  of  appropriate  prefixes  will  sufticc  to  indicate  the  origin  of  the  com- 
pounds, e.  g.,  moglobulin,  /iii~ralbumin,  etc. 

'  These  form  the  principal  organic  constituents  of  the  skeletal  structure  of  animals  and 
also  their  eitemal  covering  and  its  appendages.  This  definition  does  not  provide  for  gelatin 
irUch  it,  however,  an  artificial  derivative  of  collagen. 
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n.  CONJUGATED  PROTEnS. 

Substances  which  contain  the  protein  molecule  united  to  some  other 
molecule  or  molecules  otherwise  than  as  a  salt. 

(a)  Nacle<qirote3lis. — Compounds  of  one  or  more  protein  molecules 
with  nucleic  add,  e.  g.,  cytoglobidin,  nucUohistone. 

{b)  Glycoproteins. — -Compounds  of  the  protein  molecule  with  a 
substance  or  substances  containing  a  carbohydrate  group  other  than  a 
nucleic  add,  e.  %..  mucins  and  mucoids  {osseomucoid,  tendomucmd,  sero- 
mucoid,  ickthulin.  helico protein). 

{c)  Vhos^ofsotaas. — Compounds  of  the  protein  molecule  with 
some,  as  yet  undefined,  phosphorus-containing  substances  other  than  a 
nucleic  acid  or  lecithin,'  e.  g..  caseinogen,  vitelHn. 

(dt  Haemc^^bins. — Compounds  of  the  protdn  molecule  with 
hzmatin.  or  some  similar  substance,  e.  g.,  hamoglobin,  hamocyanin. 

(e)  Lccithojttoteins. — Compounds  of  the  protein  molecule  with 
lecithins,  e.  g.,  lecilhans,  phosphatides. 

m.  DERIVED  PROTEinS. 
I.  Primary  Protein  DEKn'ATivzs. 

Derivatives  of  the  protein  molecule  apparently  fonned  through 
hydrolytic  changes  which  involve  only  slight  alteration  of  the  protein 
molecule. 

(a)  Proteans. — Insoluble  products  which  apparently  result  from 
the  indpient  action  of  water,  ver\-  dilute  adds  or  enz>'mes,  e.  g.,  myosan, 
edeslan. 

(b)  Metaproteiiis. — Products  of  the  further  action  of  adds  and  alka- 
lis whereby  the  molecule  is  so  far  altered  as  to  form  products  soluble  in 
very'  weak  acids  and  alkalis  but  insoluble  in  neutral  fluids,  e.  g.,  acid 
melaproltin  (acid  albuminate),  alkali  metaprotein  (alkali  albuminate. 

((}  Coagulated  Proteins. — Insoluble  products  which  result  from 
(i)  the  action  of  heat  on  their  solutions,  or  (2)  the  action  of  alcohol  on 
the  protein. 

2.  Secondary  Proteix  Deri\'ati\"es.= 

Products  of  the  further  hydrolytic  cleavage  of  the  protein  molecule. 

(a)  Proteoses. — Soluble   in   water,   non-coagulable   by   heat,   and 

precipitated  by  saturating  their  solutions  with  ammonium — or  zinc 

sulphate.'  e.  g..  proto proteose,  deutero proteose. 

'  The  accum-jlatcd  chemi<:a[  evideoce  di~linctty  points  to  the  propriety  of  d«s»fying 
the  pho^hoproteins  a'  iiini-saaxtd  compounds,  i.  c.  they  ate  possibly  esters  of  some 
phosphoric  add  or  add*  and  pnitein. 

■  The  terra  secondary  protein  derivatives  U  used  because  the  formation  of  the  prinuuy 
derivatives  usuaH}  pre'rede?  the  formation  ni  the  secondary  derivatives, 

■  .\£  thus  denned,  thi?  term  d'>es  no:  strictly  cover  all  the  protein  derivatives  commonly 
caOed  proteoses,  t.  ;.,  heteropr'ACjie  and  dysproteose. 
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(fc)  Peptones. — Soluble  in  water,  non-coagulable  by  heat,  but  not 
precipiUUed  by  saturating  their  solutions  with  ammonium  sulphate/  e. 
g.,  antipeptone,  ampkopeptone. 

(c)  Peptides. — Definitely  characterized  combinations  of  two  or  more 
amino  adds,  the  carboxyl  group  of  one  being  united  with  the  amino  group 
of  the  other  with  the  elimination  of  a  molecule  of  water,'  e.  g.,  dipepUdes, 
tripeptides,  letrapeptides,  pentapeptides. 

CLASSIFICATION  OF  PROTEINS  ADOPTED  BY  THE  CHEM- 
ICAL AND  PHYSIOLOGICAL  SOCIETIES 
OF  ENGLAND. 

I.  Simple  Proteins. 

1.  Protamines,  e.  g.,  salmine,  dupeine. 

2.  Histones,  e.  g.,  globin,  scombrone. 

3.  Albumins,  e.  g.,  ovalbumin,  serum  albumin,  vegetable  albumins. 

4.  Globulins,  e.  g.,  serum  globulin,  ovoglobulin,  vegetable  globulins. 
S-  Glutelins,  e.  g.,  glutenin. 

6.  Alcohol -soluble  proteins,  e.  g.,  zein,  gliadin. 

7.  Scleroproteins,  e.  g.,  elaslin,  keratin. 

8.  Phosphoproteins,  e.  g.,  caseinogen,  vitellin. 

II,  Conjugated  Proteins. 

1.  Glucoproteins,  e.  g.,  mucins,  mucoids. 

2.  Nucleoproteins,  e.  g.,  nudeohistone,  cytoglobulin. 

3.  Chromoproteins,  e.  g.,  hamoglobin,  hcemocyanin. 

III.  Products  of  Protein  Hydrolysis. 

1.  Infraproteins,  e.  g.,  acid  infraprolein  (acid  albuminate),  alkali 
infraprotein  (alkali  albuminate). 

2.  Proteoses,  e.  g.,  proloproteose,  hetero proteose,  dcuteroproleose. 

3.  Peptones,  c.  g.,  ampkopeptone,  antipeptone. 

4.  Polypeptides,  e.  g.,  dipeptides,  tripeptides,  tetrapeptides. 

CONSIDERATIONS  OF  THE  VARIOUS  CLASSES 
OF  PROTEINS. 

SIMPLE  PROTEINS. 

The  simple  proteins  are  true  protein  substances  which,  upon  hy- 
drolysis, yield  only  a-amino  acids  or  their  derivatives.     "Although 

'  In  this  group  the  kyrincs  may  be  included.  For  the  present  it  is  believed  that  it  will 
be  helpful  to  retain  this  term  as  defined,  reserving  the  expression  pcfifidc  for  the  simpler 
compounds  of  definite  structure,  suth  as  dipeptides,  etc. 

'  TTie  peptones  are  undoubtedly  peptides  or  mixtures  of  jieplides,  the  latter  term  being 
U  present  used  to  designate  those  of  definite  si 
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no  means  are  at  present  available  whereby  the  chemical  individuality  of 
any  protein  can  be  established,  a  number  of  simple  proteins  have  been 
isolated  from  animal  and  vegetable  tissues  which  have  been  so  well 
characterized  by  constancy  of  ultimate  composition  and  uniformity  of 
physical  properties  that  they  may  be  treated  as  chemical  individuals 
until  further  knowledge  makes  it  possible  to  characterize  them  more 
definitely."  Under  simple  proteins  we  may  class  albumins,  globulins, 
glutelins,  prolamins.  albuminoids,  histones  and  protamines. 
ALBUMINS. 
Albumins  constitute  the  first  class  of  simple  proteins  and  may  be 
defined  as  simple  proteins  which  are  coagulable  by  heat  and  soluble 
in  pure  (salt-free)  water.  Those  of  animal  origin  are  not  precipitated 
upon  saturating  their  neutral  solutions  at  30°  C.  with  sodium  chloride 
or  magnesium  sulphate,  but  if  a  saturated  solution  of  this  character 
be  acidified  with  acetic  acid  the  albumin  precipitates.  All  albumins 
of  animal  origin  may  be  precipitated  by  saturating  their  solutions  with 
ammonium  sulphate.'  They  may  be  thrown  out  of  solution  by  the 
addition  of  a  sufficient  quantity  of  a  mineral  acid,  whereas  a  weak 
acidity  produces  a  slight  precipitate  which  dissolves  upon  agitating  the 
solution.  Metallic  salts  also  possess  the  property  of  precipitating  al- 
bumins, some  of  the  precipitates  being  soluble  in  excess  of  the  reagent, 
whereas  others  are  insoluble  in  such  an  excess.  Of  those  proteins 
which  occur  native  the  albumins  contain  the  highest  percentage  of  sul- 
phur, ranging  from  1.6  to  2.5  per  cent.  Some  albumins  have  been 
obtained  in  crystalhne  form,  notably  egg  albumin,  serum  albumin,  and 
lactalbumin,  but  the  fact  that  they  may  be  obtained  in  crystalline  form 
does  not  necessarily  prove  them  to  be  chemical  individuals. 

GENERAL  COLOR  REACTIONS  OF  PROTEINS. 

These  color  reactions  are  due  to  a  reaction  between  some  one  or 
more  of  the  constituent  radicals  or  groups  of  the  complex  protein  mole- 
cute  and  the  chemical  reagent  or  reagents  used  in  any  given  test.  Not 
all  proteins  contain  the  same  groups  and  for  this  reason  the  various  color 
tests  will  yield  reactions  varying  in  intensity  of  color  according  to  the 
nature  of  the  groups  contained  in  the  particular  protein  under  examina- 
tion. Various  substances  not  proteins  respond  to  certain  of  these  color 
reactions,  and  it  is  therefore  essential  to  submit  the  material  under  ex- 
amination to  several  tests  before  concluding  definitely  regarding  its 
nature. 


'  In  tills  tonnection,  Osborne's  obscr^'i 
which  are  predpitaied  by  saturating  IhKii 
sulphate  or  by  half-saturating  ' 


.)n  that  there  are  certain  vegdMr  albumio* 
i>lulions  with  sodium  thloride  of  miiKneaum 
sulphate,  is  ot  interest. 
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TECHNIC  OF  THE  COLOR  REACTIOHS. 

1 .  Iliillon's  Reaction. — To  5  c.c.  of  a  dilute  solution  of  egg  albumin 
in  a  test-tube  add  a  few  drops  of  Millon's  reagent.  A  white  precipitate 
forms  which  turns  red  when  heated.  This  test  is  a  particularly  satis- 
factory one  for  use  on  solid  proteins,  in  which  case  the  reagent  is  added 
directly  to  the  solid  substance  and  heat  applied,  which  causes  the  sub- 
stance to  assume  a  red  color.  Such  proteins  as  are  not  precipitated  by 
mineral  acids,  for  example  certain  of  the  proteoses  and  peptones,  yield 
a  red  solution  instead  of  a  red  precipitate. 

The  reaction  is  due  to  the  presence  of  the  hydroxy-phenyl  group, 
— CsHjOH,  in  the  protein  molecule  and  certain  non-proteins  such  as 
tyrosine,  phenol  (carbolic  acid)  and  thymol  also  respond  to  the  reaction. 
Inasmuch  as  the  tyrosine  grouping  is  the  only  hydroxyphenyl  grouping 
which  has  definitely  been  proven  to  be  present  in  the  protein  molecule  it 
is  evident  that  protein  substances  respond  to  Millon's  reaction  because 
of  the  presence  of  this  tyrosine  complex.  The  test  is  not  a  very  satis- 
factory one  for  use  in  solutions  containing  inorganic  salts  in  large  amount, 
since  the  mercury  of  the  Millon's  reagent'  is  thus  precipitated  and  the 
reagent  rendered  inert.  This  reagent  is  therefore  never  used  for  the 
detection  of  protein  material  in  the  urine. 

2.  Xanthoproteic  Reaction. — To  2-3  c.c.  of  egg  albumin  solution 
in  a  test-tube  add  concentrated  nitric  acid.  A  white  precipitate  forms, 
which  upon  heating  turns  yfllnw  and  finally  dissolves,  imparting  to  the 
solution  a  yellow  color.  Cool  the  solution  and  carefully  add  ammonium 
hydroxide,  potassium  hydroxide,  or  sodium  hydroxide  in  excess.  Note 
that  the  yellow  color  deepens  into  an  orange.  T'his  reaction  is  due  to  the 
presence  in  the  protein  molecule  of  the  phenyl  group,  with  which  the 
nitnc  acid  forms  certain  nitro  modifications.  The  particular  com- 
plexes of  the  protein  molecule  which  are  of  especial  importance  in  this 
connection  are  those  of  tyrosine,  phenylalanine,  and  tryptophane.  The 
test  is  not  a  satisfactory  one  for  use  in  urinary  examination  because  of 
the  color  of  the  end-reaction. 

3.  Adamkiewicz  Reaction. — Thoroughly  mix  i  volume  of  con- 
centrated sulphuric  acid  and  2  volumes  of  acetic  acid  in  a  test-tube, 
add  a  few  drops  of  egg  albumin  solution  and  heat  gently.  A  reddish- 
violet  color  Is  produced.  Gelatin  does  not  respond  to  this  test"^  This 
reaction  shows  the  presence  of  the  Iryptopbane  group  (see  next  experi- 
ment). The  test  depends  upon  the  presence  of  glyoxylic  acid.  CHO.- 
COOH+H.O  or  CH(OH)iCOOH,  in  the  reagents.     This  is  shown  by  the 

'  Millon's  rc:iKi-nl  nmsists  of  mercury  dissolved  in  nitric  acid  containing  some  nitrous 
add.  ilis  jiroiiiiri'd  by  iliae^tiiiK  one  part  (by  weight)  of  mercury  with  two  parts  (by  weight) 
of  HXOi  (sp.  fT.  i..|2j  :ind  diluting  the  resulting  solution  with  two  volumes  of  water. 
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failure  tx)  secure  a  positive  reaction  when  acetic  add  free  from  glyoxylic 
add  is  used. 

Rosenheim  has  recently  advanced  the  view  that  the  reaction  may 
be  due  to  the  presence  of  oxidizing  agents  such  as  nitrous  add  and  feme 
salts  in  the  sulphuric  add. 

4.  Hoi^ins-Cole  Keaction.' — Place  i-s  c.c.  of  egg  albumin  solu- 
tion and  3  c.c.  of  glyoxylic  add,  CHO.COOH+H,0  or  CH(OH)i- 
COOH,  solution  (Hopkins-Cole  reagent*)  in  a  test-tube  and  mix  thor- 
oughly. In  a  second  tube  place  5  c.c.  of  concentrated  sulphuric  add. 
Incline  the  tube  containing  sulphuric  acid  and  by  means  of  a  pipette 
allow  the  albumin-glyoxylic  add  solution  to  flow  carefuUy  down  the  side. 
When  stratified  in  this  manner  a  reddish-violet  color  forms  at  the  zone  of 
contact  of  the  two  fluids.  This  color  is  due  to  the  presence  of  the  trypto- 
phane group.  Gelatin  does  not  respond  to  this  test.  For  formula  for 
tryptophane  see  page  82. 

Benedict'  has  recently  suggested  a  new  reagent  for  use  in  carrying  out 
the  Hopkins-Cole  reaction.* 

5.  Biuret  Test. — To  2-3  c.c.  of  egg  albumin  solution  in  a  test-tube 
add  an  equal  volume  of  concentrated  potassium  hydroxide  solution,  mix 
thoroughly,  and  add  slowly  a  very  dilute  (2-5  drops  in  a  test-tube  of 
water)  copper  sulphate  solution  until  a  pnrpligh-vj^^lct  nr  pjplficli.>rinlpf 
color  is  produced.  The  depth  of  the  color  depends  upon  the  nature  of  the 
protein;  proteoses,  and  peptones  giving  a  dedded  pink,  while  the  color 
produced  with  gelatin  is  not  far  removed  from  a  blue.  This  reaction  is 
given  by  those  substances  which  contain  two  amino  groups  in  their  mole- 
cule, these  groups  either  being  joined  directly  together  or  through  a  single 
atom  of  nitrogen  or  carbon.  The  amino  groups  mentioned  must  either 
be  two  CONH-  groups  or  one  CONH2  group  and  one  CSNHj,  C(NH)- 
NHj  or  CHiNHj  group.  It  follows  from  this  fact  that  substances  which 
are  non-protein  in  character  but  which  contain  the  necessary  groups  will 
respond  to  the  biuret  test.  As  examples  of  such  substances  may  be  dted 
oxamide, 

'Hopkins  and  Cole:  Journai  aj  Physiology,  !?,  418,  1902. 

'  Hopkins- Cole  reagent  is  prepared  as  follows:  To  one  liter  of  a  saturated  solution 
of  oxalic  acid  add  60  grams  of  sodium  amalgam  and  allow  the  mixture  to  stand  until  the 
evolution  of  gas  ceases.     Filter  and  dilute  with  2-3  volumes  of  water. 

•  Benedict:  Jownal  of  Biological  Chemistry,  6,  51,  1905. 

'  Benedict's  modified  Hopkins-Cole  reagent  is  prepared  as  follows:  Ten  grams  oE 
powdered  magnesiumare  placcdin  a  large  Erlenmcyertiask  and  shaken  up  with  enough  dis- 
tilled water  to  liberally  cover  the  maRnesium.  Two  hundred  and  6fty  c.c.  of  a  cold,  satu- 
rated solution  of  oxalic  acid  is  now  added  slowly.  The  reaction  proceeds  very  rapidly  and 
with  the  liberation  of  much  heat,  so  that  the  flask  should  be  cooled  under  tunning  water  dur- 
ing the  addition  of  the  acid.  The  contents  of  the  flask  arc  shaken  after  the  adcQtion  ot  the 
last  portion  of  the  acid  and  then  poured  ujion  a  filter,  to  remove  the  insoluble  magnesium 
oxalate.  Alittlc  wash  water  is  poured  through  the  tjlter,  the  filtrate  acidified  with  acetic  add 
to  prevent  the  partial  precipitation  of  the  magnesium  on  long  standing,  and  made  up  to  a 
liter  with  distilled  water.    This  solution  contains  only  the  magnesium  salt  ot  glyoxylic  add. 
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CONHj 

1 

CONHs 
and  biuret, 

CONHj 
\ 

NH. 
/ 
CONH2 

The  test  derives  its  name  from  the  fact  that  this  latter  substance  which 
is  formed  on  heating  urea  to  180°  C.  (see  page  286),  will  respond  to  the 
test.  Protein  material  responds  positively  since  there  are  two  CONH» 
groups  in  the  protein  molecule. 

According  to  Schiff  the  end-reaction  of  the  biuret  test  is  dependent 
u[>on  the  formation  of  a  copper-potassium-biuret  compound  (cupri-potas- 
sium  biuret  or  biuret  potassium  cupric  hydroxide).  This  substance  was 
obtained  by  Schiff  in  the  form  of  long  red  needles.  It  has  the  following 
formula: 

OH  OH 

I  I 

CO  NHj Cu NHjCO 

\  / 

NH  HN 

/  \ 

CO  NHj— K  K— NHi-CO 

I  I 

OH  OH 

_^.  Gies's  Biuret  Reagent.^—Gies  has  recently  devised  a  reagent  for        ji 
use  in  the  biuret  test.    This  reagent  consists  of  10  per  cent  KOH  solution,  •f*^^V^ 
to  which  enough  3  per  cent  CUSO4  solution  has  been  added  to  impart  a     *^^ ' 
slight  though  distinct  blue  color  to  the  clear  liquid.    The  CuSO*  should 
be  added  drop  by  drop  with  thorough  shaking  after  each  addition.     This 
reagent  is  of  material  assistance  in  performing  the  biuret  test. 

7.  Biuret  Paper  of  Kanlor  and  Gies. — According  to  Kantor  and  Gies* 
when  filter  paper  is  immersed  in  the  above  reagent  and  subsequently 
dried  it  forms  a  very  satisfactory  "biuret  paper"  which  may  be  used  in  a 
manner  analogous  to  indicator  papers.  Moist  papers  may  be  used  in  the 
examination  of  powders  which  are  neutral  or  alkaline  in  reaction.  In 
preparing  the  "biuret  paper"  if  the  filter  paper  is  left  for  asufficient  length 
of  time  in  the  reagent  all  traces  of  the  copper  sulphate  will  be  removed 
from  the  solution. 

'  Giea:  Proceedings  of  Society  of  Biological  Chemists,  Journal  of  Biologicol  Chemislryf 
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&.  Posner's  Modification  of  the  Biuret  Test  —  This  test  is  partic- 
ularly satisfactory  for  use  on  dilute  protein  solutions,  and  is  carried  out 
as  follows:  To  some  dilute  egg  albumin  in  a  test-tube  add  one-half  its 
volume  of  potassium  hydroxide  solution.  Now  hold  the  tube  in  an 
inclined  position  and  allow  some  very  dilute  copper  sulphate  solution, 
made  as  suggested  on  page  98  (5),  to  flow  down  the  side,  being  especially 
careful  to  prevent  the  fluids  from  mixing.  At  the  juncture  of  the  two 
solutions  the  typical  end-reaction  of  the  biuret  test  should  appear  as  a 
colored  zone  (see  Biuret  Test,  page  98). 

9.  Testing  Colored  Solutions  by  Biuret  Test. — If  the  color  of  the 
solution  is  such  as  to  interfere  with  the  end-reaction  of  the  biuret  test 
proceed  as  follows:  Make  the  solution  strongly  alkaline  with  potassium 
hydroxide  and  add  a  solution  of  copper  sulphate.  Shake  up  the  mixture 
with  alcohol  and  if  protein  is  present  the  alcohol  will  assume  the  typical 
biuret  coloration.  This  procedure  is  not  applicable  in  case  the  pigment 
of  the  original  solution  is  soluble  in  alcohol.  Excess  of  the  copper  salt 
need  not  be  avoided  in  this  test. 

10.  Liebennaim's  Reaction. — Add  about  10  drops  of  concentrated 
egg  albumin  .solution  (or  a  little  dry  egg  albumin)  to  about  5  c.c.  of  con- 
centrated HCI  in  a  test-tube.  Boil  the  mixture  until  a  pinkjsh-violet 
color  results.  This  color  was  originally  supposed  to  indicate  the  presence 
of  a  carbohydrate  group  in  the  protein  molecule,  the  furfurol  formed 
through  the  action  of  the  acid  upon  theprotein  reacting  with  thehydroxy- 
phenyl  group  of  the  protein  producing  the  pinkish-violet  color.  It  is  now 
considered  uncertain  whether  the  carbohydrate  group  enters  into  the 
reaction.  Cole  has  called  attention  to  the  fact  that  a  blue  color  results  if 
protein  material  which  has  been  boiled  with  alcohol  and  subsequently 
washed  u-Uli  ether  be  used  in  making  the  test.  He  believes  the  blue  color 
to  be  due  to  an  interaction  between  the  glyoxylic  acid,  which  was  present 
as  an  impurity  in  the  ether  used  in  washing  the  protein,  and  the  trypto- 
phane group  of  the  protein  molecule  which  was  split  off  through  the  action 
of  the  acid. 

It.  Acree-Rosenhetm  Formaldehyde  Reaction. — Add  a  few  drops 
of  a  dilute  (i :  5000)  solution  of  formaldehyde  to  2-3  c.c.  of  egg  albumin 
solution  in  a  test-tube.  Mix  thoroughly  and  after  a-3  minutes  carefully 
introduce  a  little  concentrated  sulphuric  acid  into  the  tube  in  such  a 
manner  that  the  two  solutions  do  not  mix.  A  violet  zone  will  be  observed 
at  the  point  of  juncture  of  the  two  solutions  especially  if  the  mixture  is 
slightly  agitated.  This  color  probably  results  through  the  union  of  the 
protein  and  the  formaldehyde.  If  the  sulphuric  acid  is  added  to  the 
protein  before  the  formaldehyde  is  added  the  tj'pical  end-reaction  is  not 
obtained.     So  far  as  is  known  this  is  a  specific   test  for  proteins. 
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The  reaction  cannot  be  applied  satisfactorily  with  concentrated  formal- 
dehyde. 

Rosenheim  claims  the  reaction  is  due  to  the  presence  of  oxidizing 
material  in  the  sulphuric  acid  and  that  when  pure  sulphuric  acid  is  used 
no  reaction  is  obtained.  He  advises  the  use  of  a  slight  amount  of  an 
oxidizing  agent,  e.  g.,  ferric  chloride  or  potassium  nitrate  (0.005  gram  per 
100  c.c.  of  sulphuric  acid)  in  order  to  facilitate  the  reaction.  Rosenheim 
further  states  that  proteins  respond  to  the  formaldehyde  reaction  because 
of  the  presence  of  the  tryptophane  group,  a  statement  which  Acree  does  not 
accept  as  proven. 

1 2.  Bardach's  Reaction.' — This  is  one  of  the  mosj^cent  tests  which 
have  been  described  for  the  detection  of  protein  material.  The  test 
depends  upon  the  property  possessed  by  protein  substances  of  preventing 
the  formation  of  typical  iodoform  crystals  through  the  interaction  of  an 
alkaline  acetone  solution  with  iodopotassium  iodide.  Instead  of  the 
typical  hexagonal  plates  or  stellar  formations  of  iodoform  there  are  pro- 
duced, under  the  conditions  of  the  test,  Jine  yellow  needles  which  are 
apparently  some  iodine  compound  other  than  iodoform.  The  technic 
of  the  test  is  as  follows:  Place  about  5  c.c.  of  the  protein  solution"  under 
examination  in  a  test-tube,  add  2-3  drops  of  a  0.5  per  cent  solution  of 
acetone  and  sufficient  Lugol's  solution^  to  supply  a  moderate  excess  of 
iodine  and  produce  a  red-brown  coloration.  (The  amount  of  Lugol's 
solution  necessary  will  depend  upon  the  content  of  protein,  sugar,  and 
other  iodine-reacting  substances  in  the  solution  under  examination  and 
may  vary  from  one  drop  to  several  cubic  centimeters.)  Add  an  excess 
(ordinarily  about  3  c.c.)  of  concentrated  ammonium  hydroxide  and 
thoroughly  mix  the  solution.  Place  the  tube  in  the  test-tube  rack,  ex- 
amine the  contents  at  intervals  of  five  minutes,  and  when  it  is  evident  that 
crystals  have  formed,  place  a  drop  of  the  mixture  upon  a  microscopic 
slide,  put  a  coverglass  in  position,  and  examine  the  mixture  under  the 
microscope.  The  formation  of  canary  yellow  crystals  indicates  the  pres- 
ence of  protein  material  in  the  solution  examined.  The  crystals  are 
ordinarily  needle-like  in  appearance  and  show  a  tendency  to  assume 
rosette  or  bundle- like  formations,  but  under  certain  conditions  they  may 
show  knobbed  (nail-Hke)  and  branching  variations. 

If  a  moderate  excess  of  iodine  is  used  in  making  the  test,  a  black  pre- 
cipitate of  iodonitro  compounds  is  at  once  formed  upon  the  addition  of 
the  ammonium  hydroxide,  and  yellow  needles  are  subsequently  deposited 
upon  it.     In  case  just  the  proper  amount  of  iodine  is  used,  the  solution 

'  Bardach:  Zcilsdirifl  fiir  Physioloti^rlir  CliemU,  54,  ,^55,  igoS;  also  Seaman  and  dies: 
Profcriiings  of  Ike  Society  jiir  E.t pfrimmUil  Biology  and  Mrdicine.  5,  125,  igo8. 
'  The  solution  should  not  contain  mure  than  5  per  cent  of  proLoin  material. 
*  Dissolve  4  grams  of  iodine  and  6  grams  of  potas^um  iodide  in  100  c.c,  of  distilled  water. 
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soon  assumes  a  yellow  color  and  the  black  precipitate  formed  upon  the 
addition  of  the  ammonium  hydroxide  is  gradually  transformed  more  or 
less  completely  into  the  yellow  crystals.  In  either  case  the  needles  ordina- 
rily form  within  an  hour,  and  frequently  in  a  much  shorter  time.  If  too 
great  an  excess  of  iodine  is  employed  the  heavy  black  precipitate  may  ob- 
scure or  even  prevent  the  reaction.  The  presence  of  insufficient  iodine  or 
excess  protein  may  likewise  prevent  the  reaction.  In  tests  in  which  a 
concentrated  protein  solution  and  an  excess  of  iodine  are  used,  the  addi- 
tion of  ammonium  hydroxide  immediately  produces  a  grayish-green 
precipitate.  In  such  instances,  if  the  proportions  are  favorable,  and  the 
mixture  be  stirreArith  a  glass  rod  for  a  few  minutes,  the  precipitate  is 
gradually  transfoifbed  into  the  crystals  before  mentioned. 

It  is  probable\that  all  soluble  proteins  will  respond  to  Bardach's 
reaction,  but  the  relative  delicacy  of  the  reaction  as  well  as  the  value  of  the 
test  as  compared  with  other  protein  tests  remain  to  be  determined.  The 
only  disturbing  factor  noted  thus  far  is  the  presence  of  earthy  phosphates 
in  the  solution  under  examination. 

PRECIPITATION  REACTIONS  AND  OTHER  PROTEIN  TESTS. 

There  are  three  forms  in  which  proteins  may  be  precipitated,  t.  «., 
unaltered,  as  an  albuminate,  and  as  an  insoluble  salt.  An  instance  of  the 
precipitation  in  a  native  or  unaltered  condition  is  seen  in  the  so-called 
salting-oul  experiments.  Various  salts,  notably  (NH4)2S04,  ZnS04, 
MgSO*,  N'ajSO*  and  NaCl  possess  the  power  when  added  in  solid  form  to 
certain  definite  protein  solutions,  of  rendering  the  menstruum  incapable  of 
holding  the  protein  in  solution,  thereby  causing  the  protein  to  be  precipi- 
tated or  salted-out  to  use  the  common  term.  Mineral  acids  and  alcohol 
also  precipitate  proteins  unaltered.  In  the  case  of  concentrated  adds 
the  protein  is  dissolved  in  the  presence  of  an  excess  of  acid  with  the 
formation  of  a  protein  salt.  Proteins  are  precipitated  as  albuminates 
(protein  salts)  when  treated  with  certain  metallic  salts,  and  precipitated  as 
insoluble  salts  when  weak  organic  acids  such  as  certain  of  the  alkaloidal 
reagents  are  added  to  their  solutions. 

If  certain  acids  (picric,  tungstic,  phosphomolybdic,  tannic,  or  chromic) 
be  added  to  a  neutral  albimiin  solution  a  precipitate  of  a  protein  salt 
occurs.  If,  however,  the  salts  of  these  acids  be  added  no  precipitate 
occurs.  The  addition  of  a  small  amount  of  acid,  as  acetic  acid,  to  such  a 
solution  will  cause  a  precipitate  to  form.' 

The  effect  of  the  addition  of  the  salts  of  the  heavy  metals  is  in  the  first 
instance  to  cause  a  precipitation  of  the  protein.    In  many  cases,  however, 

'Mathews:  Amer.  Jour,  of  Physiology,  i,  445,  1898. 
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the  addition  of  an  excess  of  such  salts  causes  the  solution  of  the  precipi- 
tate while  a  further  excess  may  cause  a  repredpitation.  The  precipitate 
which  is  first  fonned  in  a  protein  solution  by  the  addition  of  the  salts  of 
the  heavy  metals  may  be  redissolved  not  only  by  an  excess  of  such  salts 
but  by  an  excess  of  protein  as  well.^ 

It  is  generally  stated  that  globulins  are  precipitated  from  their  solu- 
tions upon  half  saturation  with  ammonium  sulphate  and  that  albumins 
are  precipitated  upon  complete  saturation  by  this  salt.  Comparatively 
few  exceptions  were  found  to  this  rule  until  proteins  of  vegetable  origin 
came  to  be  more  extensively  studied.  These  studies,  furthered  especially 
by  Osborne  and  associates,  have  demonstrated  very  clearly  that  the  char- 
acterization of  a  globulin  as  a  protein  which  is  precipitated  by  kalf  ^ 
saturation  with  ammonium  sulphate,  can  no  longer  hold.  Certain  vege- 
table globulins  have  been  isolated  which  are  not  precipitated  by  tlus  salt 
until  a  concentration  is  reached  greater  than  that  secured  by  half-saturation. 
As  an  example  of  an  albumin  which  does  not  conform  to  the  definition  of 
an  albumin  as  regards  its  precipitation  by  ammonium  sulphate,  may  be 
mentioned  the  leucosin  of  the  wheat  germ  which  is  precipitated  from  its 
solution  upon  Aa//-saturation  with  ammonium  sulphate.  The  limits  of 
precipitation  by  ammonium  sulphate,  therefore,  do  not  furnish  a  suffi- 
ciently accurate  basis  for  the  differentiation  of  globulins  from  albumins. 
It  has  further  been  determined  that  a  given  protein  which  is  precipitable 
by  ammonium  sulphate  cannot  be  "salted-out"  by  the  same  concentra- 
tion of  the  salt  under  all  conditions. 

Experiments, 

^  Influence  of  Concentrated  Mineral  Acids,  Alkalis  and  Organic 
Adds. — Prepare  five  test-tubes  each  containing  5  c.c.  of  concentrated  egg 
albumin  solution.     To  the  first  add  concentrated  HjSO^,  drop  by  drop,        ^rS» 
until  an  excess  of  the  acid  has  been  added.    Note  any  changes  which  may  v^  W^ 
occur  in  the  solution.    Allow  the  tube  to  stand  for  24  hours  and  at  the  <'^^ 
end  of  that  period  observe  any  alteration  which  may  have  taken  place.  *^iC£f' 
Heat  the  tube  and  note  any  further  change  which  may  occur.     Repeat  the  ^^^uJl.  ^ 
experiment  in  the  four  remaining  tubes  with  concentrated  hydrochloric  ^^a  aflU 
acid,  concentrated  nitric  acid,  concentrated  potassium  hydroxide  and     t^TTZ, 
acetic  acid.    How  do  strong  mineral  acids,  strong  alkalis,  and  strong   iP^^J 
organic  acids  differ  in  their  action  toward  protein  solutions?  ^,X.i«.  u 

^Preciprtation  by  Metallic  Salts. — Prepare  four  tubes  each  con-  «*, 
taining  2-3  c.c.  of  dilute  egg  albumin  solution.    To  the  first  add  mercuric 

'  Pauli:  Uojmtistcr's  Bdlragr,  6,  333,  1904-05.    Robertson:  Ergtbnisse  der  PkysiologU, 

10,  !C)0,  1910, 
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chloride,  drop  by  drop,  until  an  excess  of  the  reagent  has  been  added,  noting 
any  changes  which  may  occur.  Repeat  the  experiment  with  lead  acetate, 
silver  nitrate,  copper  sulphate,  ferric  chloride,  and  barium  chloride. 

Egg  albumin  is  used  as  an  antidote  for  lead  or  mercury  poisoning. 
Why? 

^.  Precipitation  by  Alkaloidal  Reagents. — Prepare  six  tubes  each 

containing  2-3  c.c.  of  dilute  egg  albumin  solution.     To  the  first  add 

''rrl^picric  acid  drop  by  drop  until  an  excess  of  the  reagent  has  been  added, 

noting  any  changes  whi^may  occitf.     Repeat  ^le  experiment  with 

Ji^^tchloracetic  acid.  tanmcaciS,  pkospnotUf0itc^m,phos'^rru>lybdic acid, 

and  polassio-mercuric  iodide.    Acidify  with  hydrochloric  acid  before  test- 

''•        ing  with  the  three  last  reagents. 

4.  Heller's  Ring  Test.^ — Place  5  c.c.  of  concentrated  nitric  add  in  a 
test-tube,  incline  the  tube,  and  by  means  of  a  pipette  allow  the  dilute 
albumin  solution  to  flow  slowly  down  the  side.  The  liquids  should  stratify 
with  the  formation  of  a  white  zone  of  precipitated  albumin  at  the  point  of 
Juncture.     This  is  a  very  delicate  test  and  is  further  discussed  on  p.  333. 

An  apparatus  called  the  albumoscope  or  horismascope  has  been  devised 
for  use  in  the  tests  of  this  character  and  has  met  with  considerable  favor. 
The  method  of  using  the  albumoscope  is  described  below. 

Use  of  the  Albumoscope. — This  instrument  is  intended  to  facilitate 
the  making  of  "ring"  tests  such  as  Heller's  and  Roberts'.  In  making  a 
test  about  5  c.c.  of  the  solution  under  examination  is  first  introduced  into 
the  apparatus  through  the  larger  arm  and  the  reagent  used  in  the  particu- 
lar test  is  then  introduced  through  the  capillary  arm  and  allowed  to  flow 
down  underneath  the  solution  under  examination.  If  a  reasonable 
amount  of  care  is  taken  there  is  no  possibility  of  mixing  the  two  solutions 
and  a  definitely  defined  white  "ring"  is  easily  obtained  at  the  zone  of 
contact. 

^  Roberts'  Ring  Test.— Place  5  c.c.  of  Roberts'  reagent'  in  a  test- 
tube,  incline  the  tube,  and  by  means  of  a  pipette  allow  the  albumin  solu- 
tion to  flow  slowly  down  the  side.  The  liquids  should  stratify  with  the 
formation  of  a  white  zone  of  precipitated  albumin  at  the  point  of  juncture. 
This  test  is  a  modification  of  Heller's  ring  test  and  is  rather  more  satis- 
factory. The  albumoscope  may  also  be  used  in  making  this  test.  (See 
page  334.) 

6.  Spider's  Ring  Test. — Place  5  c.c.  of  Spiegler's  reagent'  in  a  test- 

'  Roberts'  reagent  is  composed  of  i  volume  of  concentrated  HNOi  and  s  volumes  of  a 
saturated  solution  of  MbSO,. 

'  Spiefilcr's  reagent  has  the  following  composition; 

Tartaric  acid io  grams. 

Mercuric  chloride 40  grams. 

Glycerol 100  grams. 

Distilled  water loco  grams. 
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tube,  incline  the  tube,  and  by  means  of  a  pipette  allow  5  c,c.  of  albumin 
solution,  acidified  with  acetic  acid,  to  flow  slowly  down  the  side.  A 
white  zone  will  form  at  the  point  of  contact.  This  is  an  exceedingly 
delicate  test,  in  fact  too  delicate  for  ordinary  clinical  purposes,  since  it 
serves  to  detect  albumin  when  present  in  the  merest  trace  (i:  250.000). 
This  test  is  further  discussed  on  page  335. 

7.  JoUes'  Reaction. — Shake  5  c.c.  of  albumin  solution  with  i  ex.  of 
30  per  cent  acetic  acid  and  4  c.c.  of  JoUes'  reagent'  in  a  test-tube.  A 
while  precipitate  of  albumin  should  form.  Care  should  be  taken  to  use 
the  correct  amount  of  acetic  acid.  For  further  discussion  of  the  test  see 
page  335' 

8.  Tanret's  Test — To  5  c.c  of  albumin  solution  in  a  teat-tube  add 
Tanret's  reagent,^  drop  by  drop,  until  a  turbidity  or  precipitate  forms. 
This  is  an  exceedingly  delicate  test.  Sometimes  the  albumin  solution  is 
stratified  upon  the  reagent  as  in  Heller's  or  Roberts'  ring  tests.  In  urine 
examination  it  is  claimed  by  Rcpiton  that  the  presence  of  urates  lowers 
the  delicacy  of  the  test.  Tanret  has,  however,  very  recently  made  a  state- 
ment to  the  effect  that  the  removal  of  urates  is  not  necessary  inasmuch  as 
the  urate  precipitate  will  disappear  on  warming  and  the  albumin  precipi- 
tate will  not.  He  says,  however,  that  mucin  interferes  with  the  delicacy 
of  his  test  and  should  be  removed  by  acidification  with  acetic  acid  and 
filtration  before  testing  for  albumin. 

g.  Sodium  Chloride  and  Acetic  Acid  Test — Mix  2  volumes  of 
albumin  solution  and  i  volume  of  a  saturated  solution  of  sodium  chloride 
in  a  test-tube,  acidify  with  acetic  acid,  and  heat  to  boiling.  The  pro- 
duction of  a  cloudiness  or  the  formation  of  a  precipitate  indicates  the 
presence  of  albumin. 

10.  Potasshim  Iodide  Test — Stratify  a  dilute  albumin  solution 
upon  a  solution  of  potassium  iodide  made  slightly  acid  with  acetic  acid. 
In  the  presence  of  0.01-0.02  per  cent  of  albumin  a  white  ring  forms 
immediately.  If  the  test  be  allowed  to  stand  two  minutes  after  the 
stratification  it  will  serve  to  detect  0.005  pc  cent  of  albumin. 

ij^.  Acetic  Add  and  Potassium  Ferrocyanide  Test—To  5   c.c. 
of  dilute  egg  albumin  solution  in  a  test-tube  add  5-10  drops  of  acetic 
acid.     Mix  well,  and  add  potassium  ferrocyanide,  drop  by  drop,  until 
a  precipitate  forms.     This  test  is  very  delicate. 
•''I  JoUes'  itzgenl  has  the  foUouinj;  composition: 

Suctink  add. .  40  (crams. 

Merfuric  chloride  .    .  la  grams. 

Sodium  chloride  ...  10  gnms. 

I>istillc4  valet  1000  ip'amx. 

'  Tanret's  rta.gtM  i.(  [wepared  a;  iotlows:  Wsvilve  i..i5  Krams  of  merr.uric  cW'iride  in  ?5 

c.c.  of  Tater.  add  tothi-  siWuti'in  1.1 1  Era m.<  of  potassium  iodide  dissi')lved  in  15  c.c.  of  traler, 

:.  with  waiet  and  add  10  c.c.  at  t;lacial  acetic  acid  to 
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Schmiedl  claims  that  a  precipitate  of  Fe(Cn)sKjZn  or  Fe(Cii)»- 
Znj,  is  formed  when  solutions  containing  zinc  are  subjected  to  this  test, 
and  that  this  precipitate  resembles  the  precipitate  secured  with  protein 
solutions.  In  the  case  of  human  urine  a  reaction  was  obtained  when 
0.000022  gram  of  zinc  per  cubic  centimeter  was  present.  Schmiedl 
further  found  that  the  urine  collected  from  rabbits  housed  in  zinc-lined 
cages  possessed  a  zinc  content  which  was  sufficient  to  yield  a  ready  re- 
sponse to  the  test.    Zinc  is  the  only  interfering  substance  so  far  reported. 

13.  Salting-out  Experiments. — (a)  To  25  c.c.  of  egg  albumin  solu- 
tion in  a  small  beaker  add  solid  ammonium  sulphate  to  the  point  of 

t^juJ*'  "saturaoon,   keeping  the   temperature   of   the   solution  below  40°  C. 
tr*^^      Filter,  test  the  precipitate  by  Millon's  reaction  and  the  filtrate  by  the  biu- 
^r^         ret  test.    What  are  your  conclusions?    (b)  Repeat  the  above  experi- 
ment making  the  saturation  with  solid  sodium  chloride.    How  does 
this  result  differ  from  the  result  of  the  saturation  with  ammonium  sul- 
phate?    Add   2-3   drops  of  acetic  acid.     What  occurs?     All  proteins 
except  peptones  are  precipitated  by  saturating  their  solutions  with  ammo- 
yi_r**^<^mm  sulphate.    Globulins  are  the  only  proteins  precipitated  by  satu- 
^"T^^jU^^Ating  with  sodium  chloride  {see  Globulins,  page  109),  unless  the  satu- 
"^ly        rated  solution  is  subsequently  acidified,  in  which  event  all  proteins  eoccept 
peptones  are  precipitated. 

Soaps  may  be  salted-out  in  a  similar  manner  {see  p.  145). 
i^.  Coagulation  or  Boiling  Test — Heat  25  c.c.  of  dilute  eg^^feu- 
min  solution  to  the  boiling-point  in  a  small  evaporating  dish.  The 
albumin  coagulates.  Complete  coagulation  may  be  obtained  by  acidify- 
ing the  solution  with  3-5  drops  of  acetic  acid'  at  the  boiling-points  Test 
the  coagulum  by  Millon's  reaction.  The  acid  is  added  to  neutralize  any 
possible  alkalinity  of  the  solution,  to  dissolve  any  substances  which  are 
not  albumin  and  to  facilitate  coagulation  {see  further  discussion  on  pages 
117  and  335). 

14.  Coagulation  Temperature. — Prepare  4  test-tubes  each  con- 
taining 5  c.c.  of  neutral  egg  albumin  solution.  To  the  first  add  i  dropof 
0.2  per  cent  hydrochloric  acid,  to  the  second  add  i  drop  of  0.5  per  cent 
sodium  carbonate  solution,  to  the  third  add  i  drop  of  10  per  cent  sodium 
chloride  solution  and  leave  the  fourth  neutral  in  reaction.  Partly  fill  a 
beaker  of  medium  size  with  water  and  place  it  within  a  second  larger 
beaker  which  also  contains  water,  the  two  vessek  being  separated  by 
pieces  of  cork.  Fasten  the  four  test-tubes  compactly  together  by  means 
of  a  rubber  band,  lower  them  into  the  water  of  the  inner  beaker  and  sus- 
pend them,  by  means  of  a  clamp  attached  to  one  of  the  tubes,  in  such  a 

tic  acid  in  this  lest.     In  case  nitric  add  is  used. 
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r  that  the  albumin  solutions  shall  be  midway  between  the  upper 
and  lower  surfaces  of  the  water.    In  one  of  the  tubes  place  a  thermometer 
with  its  bulb  entirely  beneath  the  surface  of  the  albumin  solution  (Fig, 
33).     Gently  heat  the  water  in  the  beakers,  noting  carefully  any  changes 
which  may  occur  in  the  albumin  solutions  and  record  the  exact  tem- 
perature at  which  these  changes  occur.    The  first  appearance  of  an 
opacity  in  an  albumin  solution  indicates  the 
commencement    of   coagulation    and   the 
temperature  at  which  this  occurs  should 
be  recorded  as  the  coagulation  temperature 
for  that  particular  albumin  solution. 

What  is  the  order  in  which  the  four 
solutions  coagulate? 

Repeat  the  experiment,  adding  to  the  ^^^'^Lf 
first  tube  i  drop  of  acetic  acid,  to  the  second 
1  drop  of  concentrated  potassium  hydroxide 
solution,  to  the  third  2  drops  of  a  10  per 
cent  sodium  chloride  solution  and  leave 
the  fourth  neutral  as  before. 

What  is  the  order  of  coagulation  here?       , , 

Why?  0^> 

i^.  Precipitation     by     Akohol.— Pre- 
pare 3  test-tubes  each  containing  about  10 
c.c.  of  95   per  cent  alcohol.    To  the  first 
add  one  drop  of  0.2  per  cent  hydrochloric 
add,  to  the  second  one  drop  of  potassium 
hydroxide  solution  and  leave   the   third 
neutral  in  reaction.    Add  to  each  tube  a 
few  drops  of  egg  albumin  solution  and    7j 
note  the  results.    What  do  you  conclude    ' 
from   this  experiment?    Alcohol  precipi- 
tates proteins  unaltered,  but  if  allowed  to    "^'  ^^' 
remain  luider  alcohol  the  protein  is  trans-    fi^  >\«r-  ^ 
formed.    The  "fixing"  of  tissues  for  histological  examination  by  means  Wt'-^ 
of  alcohol  is  an  illustration  of  the  application  of  this  transformation  pro-  ^'"^ 
duced  by  alcohol.    It  apparently  is  a  process  of  dehydration. 

16.  Preparation  of  Powdered  Egg  Albumin. — This  may  be  pre- 
pared as  follows:  Ordinary  egg-white  finely  divided  by  means  of  sdssors 
or  a  beater  is  treated  with  four  volumes  of  water  and  filtered.  The 
filtrate  is  evaporated  on  a  water-bath  at  about  50°  C.  and  the  residue 
powdered  in  a  mortar. 

17.  Tests  on  Powdered  Egg  Albumin. — With  powdered  albumin 


—Coagulation    Teicper- 

.TURE   ApPARATIJS. 
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prepared  as  described  above  (by  yourself  or  furnished  by  the  instructor), 
try  the  following  tests: 

(a)  Solubility.       (j^X-  .t^r*  .   I<  <»  *^ 

(6)  Millon's  Reaction^  <^  y^  "^^-^    UtX^^v^     . 

(c)  Hopkins-Cole  Reaction. —Vifnen  used  to  detect  the  presence  of 
protein  in  solid  form  this  reaction  should  be  conducted  as  follows:  Place 
5  c.c.  of  concentrated  sulphuric  acid  in  a  test-tube  and  add  carefully, 
by  means  of  a  pipette,  3-5  c.c.  of  Hopkins-Cole  reagent.  Introdufe  a 
small  amount  of  the  so  id  substance  to  be  tested,  agitate  the  tube  lightly, 
and  note  that  the  suspended  pieces  assume  a  reddish-vinlpt  rnlf)r.  which 
is  the  characteristic  end-reaction  of  the  Hopkins-Cole  test;  later  the 
solution  will  also  assume  the  reddish-violet  color. 

{d)  Composition  Test. — Heat  some  of  the  powder  in  a  test-tube  in 
which  is  suspended  a  strip  of  moistened  red  litmus  paper  aid  across  the 
mouth  of  which  is  placed  a  piece  of  filter  paper  moistened  with  lead 
acetate  solution.  As  the  powder  is  heated  it  chars,  indicating  the  pres- 
ence of  carbon;  the  fumes  of  ammonia  are  evolved,  turning  the  red  litmus 
paper  blue  and  indicating  the  presence  of  nitrogen  and  hydrogen:  the 
lead  acetate  paper  is  blackened,  indicating  the  presence  of  sulphur. 
and  the  deposition  of  moisture  on  the  side  of  the  tube  indicates  the  pres- 
ence of  hydrogen. 

(e)  Immerse  a  dry  test-tube  containing  a  little  powdered  egg  albumin 
in  boiling  water  for  a  few  moments.  Remove  and  test  the  solubility  of 
the  albumin  according  to  the  directions  given  under  (u)  above.  It  is  still 
soluble.  Why  has  it  not  been  coagulated?  Repeat  the  above  experi- 
ments with  powdered  serum  albumin  and  see  how  the  results  compare 
with  those  just  obtained. 

SULPHUR  IN  PROTEIN. 

Sulphur  is  believed  to  be  present  in  two  different  forms  in  the  pro- 
tein molecule.  The  first  form,  which  is  present  in  greatest  amount, 
is  that  loosely  combined  with  carbon  and  hydrogen.  Sulphur  in  this 
form  is  variously  termed  unoxidized,  loosely  combined,  mercaptan.  and 
lead-blackening  sulphur.  The  second  form  is  combined  in  a  more  stable 
manner  with  carbon  and  oxygen  and  is  known  as  oxidized  or  acid  sulphur. 
The  protamines  are  the  only  class  of  sulphur-free  proteins. 

Tests  for  Sulphur, 

1^  Tests  for  Loosely  Combined  Suljdmr.—  (a)  To  equal  volumes  of 
KOH  and  egg  albi{mm  solutions  in  a  test-tube  add  1-2  drops  of  lead 
acetate  solution  and  boil  the  mixture.     Loosely  combined  sulphur  is 
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indicated  by  a  darkening  of  the  solution^,  the  color  deepening  into  a 
black  if  sufficient  sulphur  is  present.  Add  hydrochloric  acid  and  note 
the  characteristic  odor  evolved  from  the  solution.  Write  the  reactions 
for  this  test.  (6)  Place  equal  volumes  of  KOH  and  egg  albumin  solu- 
tions in  a  test-tube  and  boil  the  mixture  vigorously.  Cool,  make  acid 
with  glacial  acetic  acid  and  add  1-2  drops  of  lead  acetate.  A  darken-  u^ , 
ing  indicates  the  presence  of  loosely  combined  sulphur. 

^  Test  for  Total  Sulphur  (Loosely  Combined  and  Oxidized). — 
Place  the  substance  to  be  examined  {powdered  egg  albumin)  in  a  small 
porcelain  crucible,  add  a  suitable  amount  of  solid  fusion  mixture  (potas- 
sium hydroxide  and  potassium  nitrate  mixed  in  the  proportion  5:  i)  and 
heat  carefully  until  a  colorless  mixture  results.  (Sodium  peroxide  may 
be  used  in  place  of  this  fusion  mixture  if  desired.)  Cool,  dissolve  the  cake 
in  a  little  warm  water  and  filter.  Acidify  the  filtrate  with  hydrochloric 
add,  heat  it  to  the  boiling-point  and  add  a  small  amount  of  barium 
chloride  solution.  A  white  precipitate  forms  if  ^ulphur  is  present. 
What  is  this  precipitate? 

GLOBULINS. 

Globulins  are  simple  proteins  especially  predominant  in  the  vege- 
table kingdom.  They  are  closely  related  to  the  albumins  and  in  com- 
mon with  them  give  all  the  ordinary  protein  tests.  Globulins  differ 
from  the  albumins  in  being  insoluble  in  pure  (salt-free)  water.  They 
are.  however,  soluble  in  neutral  solutions  of  salts  of  strong  bases  with 
strong  acids.  Most  globulins  are  precipitated  from  their  solutions  by 
saturation  with  solid  sodium  chloride  or  magnesium  sulphate.  As  a 
class  they  are  much  less  stable  than  the  albumins,  a  fact  shown  bj'  the 
increasing  difficulty  with  which  a  globulin  dissolves  during  the  course  of 
successive  reprecipitations. 

We  have  used  an  albumin  of  animal  origin  (egg  albumin),  for  all 
the  protein  tests  thus  far,  whereas  the  globulin  to  be  studied  will  be 
prepared  from  a  vegetable  source.  There  being  no  essential  difference 
between  animal  and  vegetable  proteins,  the  vegetable  globulin  we  shall 
study  may  be  taken  as  a  tjue  type  of  all  globulins,  both  animal  and 
vegetable. 


Experiments  on  Globvlin. 


.    Preparation  of  the  Globulin. — Extract  20-30  grams   (a  handful) 
of  crushed  hemp  seed  with  a  5  per  cent  solution  of  sodium  chloride  for   "Vi 
one-half  hour  at  60°  C     Filter  while  hot  through  a  paper  moistened  ^^^ 
with  5  per  cent  sodium  chloride  solution.     Place  the  filtrate  in  the  water- 
bath  at  60°  C.  and  allow  it  to  stand  for  24  hours  in  order  that  the  globulin 


^ 
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may  crystallize  slowly.  In  case  the  filtrate  is  cloudy  it  should  be  warmed 
to  60°  C.  in  order  to  produce  a  dear  solution.  The  globulin  is  soluble  in 
kot  5  per  cent  sodium  chloride  solution  and  is  thus  extracted  from  the 


Fig.  34. — Edestis. 

hemp  seed,  but  upon  cooling  this  solution  much  of  the  globulin  sqiarales  in 
crystalline  form.  This  particular  globulin  is  caUed  edeslin.  It  crystal- 
lizes in  several  different  forms,  chiefly  octahedra  (see  Fig.  34,  above). 
(The  crystalline  form  of  excclsin,  a  protein  obtained  from  the  Brazil  nut, 
is  shown  in  Fig.  35,  below.    This  vegetable  protein  crystallizes  in  the 


sragonal  plates.)     Filter  off  the  cdesti    and  make  the  following 
i  the  crystalline  body  and  on  the  filtrate  which  still  contains 
of  the  extracted  globulin. 
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Tests  on  Crystallized  Edestin. — {j^-Microscopical  examination 
(see  Fig.  34,  p.  no). 

{2)  Solubility. — Try  the  solubility  in  the  ordinary  solvents  (see  page 
37).  Keep  these  solubilities  in  mind  for  comparison  with  those  of 
edestan,  to  be  made  later  (see  page  115). 

MJiiillon's  Reaction. 

(4)  Coagulation  Test. — Place  a  small  amount  of  the  globulin  in  a 
test-tube,  add  a  iitUe  water  and  boil.  Now  add  dilute  hydrochloric 
add  and  note  that  the  protein  no  longer  dissolves.  It  has  been  coagulated. 

(sX^Dissolve  the  remainder  of  the  edestin  in  0.2  per  cent  hydro- 
chloric acid  and  preserve  this  acid  solution  for  use  in  the  experiments 
on  proteans  (see  page  115). 

Tests  on  Edestin  Filtrate.— (i)  Influence  of  Protein  Precipi- 
tants. — Try  a  few  protein  predpitants  such  as  nitric  acid,  tannic  acid, 
picric  acid,  and  mercuric  chloride. 

{2)  Biuret  Test. 

(3)  Coagulation  7"e5/.— Boil  some  of  the  filtrate  in  a  test-tube.  What 
happens? 

(4)  Saturation  with  Sodium  Chloride. — Saturate  some  of  the  filtrate 
with  solid  sodium  chloride.  How  does  this  result  differ  from  that  ob- 
tained upon  saturating  egg  albiunin  solution  with  solid  sodium  chloride? 

(s)  Precipitation  by  Dilution.— Dilute  some  of  the  filtrate  with  10-15 
volumes  of  water.     Why  does  the  globulin  predpitate? 

Glutelins. 

It  has  been  repeatedly  shown,  particularly  by  Osborne,  that  after 
extracting  the  seeds  of  cereals  with  water,  neutral  salt  solution,  and 
strong  alcohol,  there  still  remains  a  residue  which  contains  protdn 
material  which  may  be  extracted  by  very  dilute  acid  or  alkali.  These 
proteins  which  are  insoluble  in  all  neutral  solvents,  but  readily  soluble 
in  very  dilute  acids  and  alkalis  are  called  glutelins.  The  only  member 
of  the  group  which  has  yet  received  a  name  Is  the  glutenin  of  wheat, 
arprotdn  which  constitutes  nearly  50  per  cent  of  the  gluten.  It  is  not 
definitely  known  whether  glutelins  occur  as  constituents  of  all  seeds. 

Prolaimns  (Alcohol-soluble  Proteins). 

The  term  prolamin  has  been  proposed  by  Osborne  for  the  group  of 
proteins  formerly  termed  "alcohol-soluble  proteins."  The  name  is 
very  appropriate  inasmuch  as  these  proteins  yield,  upon  hydrolysis, 
espedally  large  amounts  of  proline  and  ammonia.  The  prolamlns  are 
simple  proteins  which  are  insoluble  in  water,  absolute  alcohol  and  other 
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neutral  solvents,  but  are  soluble  in  70  to  80  per  cent  alcohol  and  in  dilute 
acids  and  alkalis.  They  occur  widely  distributed,  particularly  in  the 
vegetable  kingdom.  The  only  prolamins  yet  described  are  the  zeiti  of 
maize,  the  hordein  of  barley,  the  gUadin  of  wheat  and  rye,  and  the  byntn 
of  malt.  They  yield  relatively  large  amounts  of  glutamic  acid  on  hydroly- 
sis but  no  lysin.  The  largest  percentage  of  glutamic  acid  (43.66  per  cent) 
ever  obtained  as  a  decomposition  product  of  a  protein  substance  has 
very  recently  been  obtained  by  Osborne  &  Guest  from  the  hydrolysis  of 
the  prolamin  gUadin.^  This  yield  of  glutamic  acid  is  also  the  largest 
amount  of  any  single  decomposition  product  yet  obtained  from  any 
protein  except  protamines. 

Albuxninoids.    (Scleroproteins.) 

The  albuminoids  yield  similar  hydrolytic  products  to  those  obtained 
from  the  other  simple  proteins  already  considered,  thus  indicating  that 
they  possess  essentially  the  same  chemical  structure.  They  differ  from 
all  other  proteins,  whether  simple,  conjugated,  or  derived,  in  that  they 
are  insoluble  in  all  neutral  solvents.  The  albuminoids  include  "the 
principal  organic  constituents  of  the  skeletal  structure  of  animals  as 
well  as  their  external  covering  and  its  appendages.  Some  of  the  principal 
albuminoids  are  keratin,  elastin,  collagen,  reticulin.  spongin,  and  fibroin. 
Gelatin  cannot  be  classed  as  an  albuminoid  although  it  is  a  transformation 
product  of  collagen.  The  various  albuminoids  differ  from  each  other  in 
certain  fundamental  characteristics  which  will  be  considered  in  detail 
under  Epithelial  and  Connective  Tissue  (see  Chapter  XIV,  p.  245). 

CONJUGATED  PROTEINS. 

Conjugated  proteins  consist  of  a  protein  molecule  united  to  some 
other  molecule  or  molecules  otherwise  than  as  a  salt.  We  have  glyco- 
proteins, nucleoproleins ,  hemoglobins  (chromoproteins) ,  phospkoproteins 
and  lecithoproleins  as  the  five  classes  of  conjugated  proteins. 

Glycoproteins  may  be  considered  as  compounds  of  the  protein  mole- 
cule with  a  substance  or  substances  containing  a  carbohydrate  group 
other  than  a  nucleic  acid.  The  glycoproteins  yield,  upon  decomposition, 
protein  and  carbohydrate  derivatives,  notably  glycosamine,  CH2OH.- 
(CH0H)3.CH(NHs).CH0,  and  galactosamine,  OHCH2.(CHOH)3.CH- 
(NHa).CHO.  The  principal  glj'coproteins  are  mucoids,  mucins,  and  ckon- 
droproteins.  By  the  term  mucoid  we  may  in  general  designate  Those  glyco- 
proteins which  occur  in  tissues,  such  as  tendomticoid  from  tendinous 

'  Up  to  this  time  the  jicid  of  ji.^i;  percent  obUiineU  by  K  lei  nsth  mitt  from  hordein  was 
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issue  and  osseomucoid  from  bone.  The  elementary  composition  of  these 
typical  mucoids  is  as  follows: 

N.  S.  C.  H.  O. 

Tendomuioid' "75         J. 33         iS.yb        ^SX         30,60 

Osseomucoid* 12.21         231         4743         6.6j         3140 


The  term  mucins  may  be  said  in  general  to  include  those  forms  of  glyco- 
proteins which  occur  in  the  secretions  and  fluids  of  the  body.  Seromw- 
cfli'rf'  is,  however,  the  term  applied  to  the  glycoprotein  of  blood  serum, 
Chondroproteins  are  so  named  because  chondromucoid,  the  principal 
member  of  the  group,  is  derived  from  cartilage  (chondrigen).  Amyloid* 
which  appears  pathologically  in  the  spleen,  liver,  and  kidneys,  is  also  a 
chondroprotein. 

The  nudeoproteins  occur  principally  in  animal  and  vegetable  cells, 
and  following  the  destruction  of  these  cells  they  are  found  in  the  fluids 
of  the  body.  These  proteins  are  discharged  into  the  tissue  fluids  by 
the  activity  or  disintegration  of  cells.  Combined  with  the  simple  pro- 
tein in  the  nucleoprotcin  molecule  we  find  nucleic  acid,  a  body  which 
contains  phosphorus  and  which  yields  purine  bases  and  pyrimidine  bases 
{thymine,  cylosine.  and  uracil)  upon  decomposition.  The  so-called 
nudeins  are  formed  in  the  gastric  digestion  of  nudeoproteins. 

Wheeler -Johnson  Reaction  for  Uracil  and  Cytosine. — To  about 
5  C.C.  of  the  solution  under  examination  add  bromine  water  until  the 
color  is  permanent.*  In  case  the  solution  contains  only  small  quantiries 
of  cytosine  or  uracil,  it  is  advisable  to  remove  the  excess  of  bromine  by 
passing  a  stream  of  air  through  the  solution.  Now  add  an  excess  of  an 
aqueous  solution  of  barium  hydroxide  and  note  the  appearance  of  a 
purple  color. 

Very  dilute  solutions  do  not  give  the  test.  Under  these  conditions  the 
solution  should  be  evaporated  to  dryness,  the  residue  dissolved  in  a 
little  bromine  water  and  the  excess  of  bromine  removed.  Then  upon 
adding  an  excess  of  barium  hydroxide  a  decided  bluish-pink  or  lavender 
color  will  appear  in  the  presence  of  as  small  an  amount  as  o.ooi  gram  of 
uracil. 

In  testing  solutions  for  cytosine,  it  is  preferable  to  wann  or  boil  the 
solution  with  bromine  water,  and  alter  cooling  the  solution  to  apply  the 
test  as  suggested  above,  being  careful  to  have  a  slight  excess  of  bromine 
present  before  adding  barium  hydroxide. 

'  Chillcnden  and  Gics:  Jour.  Exp.  Med..  1,  186.  iSt,i.. 
'  Hawk  and  (iits:  .Im.f.  Jmir.  Flivsio!..  •;,  iSj.  moi. 
'  Bywntcrs:  Bioclumhfkr  ZrifidniU,  15.333,  igog. 

*  Xot  10  be  confusc<l  with  Ihc  suhslanic  amvloiJ  which  niaj-  be  formfd  from  cellulose 
(sec  |«ge  541. 

*  Avwd  tht  addition  of  a  large  excess  of  bromine  inasmuch  ;is  this  will  interfere  with  the 
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The  phosphoproteins  are  called  nudeoaUmmins  in  many  classifications 
£ind  are  grouped  among  the  simple  proteins.  They  are  considered  to  be 
"compomids  of  the  protein  molecule  and  some,  as  yet  imdefined,  phos- 
phorus-containing substances  other  than  a  nucleic  add  or  lecithin." 
The  percentage  of  phosphorus  in  phosphoproteins  is  very  similar  to  that 
in  nucleoproteins  but  they  differ  from  this  latter  class  of  proteins  in  that 
they  do  not  yield  any  purine  bases  upon  hydrolytic  cleavage.  Two  of  the 
common  phosphoproteins  are  the  caseinogen  of  milk  and  the  ovonlellin  of 
the  e^-yolk. 

The  hamoglobins  (chromoproteins)  are  compounds  of  the  protein 
molecule  with  haematin  or  some  similar  substance.  The  principal  mem- 
ber of  the  group  is  the  hEemogtobin  of  the  blood.  Upon  hydrolytic  cleav- 
age this  haemoglobin  yields  a  protein  tetined  globin  and  a  coloring  matter 
termed  kamcckromogen.  The  latter  substance  contains  iron  and  upon 
coming  in  contact  with  oxygen  is  oxidized  to  form  hamaiin.  Eamo- 
cyanin,  another  member  of  the  class  of  haemoglobins,  occxu^  in  the  blood 
of  certain  invertebrates,  notably  cephalopods,  gasteropods,  and  Crustacea. 
Hfemocyanin  generaUy  contains  either  copper,  manganese,  or  zinc  in  place 
of  the  iron  of  the  hicmoglobin  molecule. 

The  lecithoproleins  include  such  substances  as  lecithans  and  phospha- 
tides which  consist  of  a  protein  molecule  joined  to  lecithin.  They  have 
been  comparatively  little  studied  until  recently,  and  in  much  of  the  older 
research  they  were  undoubtedly  considered  as  lecithins. 

For  experiments  on  conjugated  proteins  see  pages  63,  162,  247,  251, 
271,  and  308.  ^ 

DERIVED  PROTEINS. 

These  substances  are  derivatives  which  are  formed  through  hydro- 
lytic changes  of  the  original  protein  molecule.  They  may  be  divided  into 
two  groups,  the  primary  protein  derivatives  and  the  secondary  protein 
derivatives.  The  term  secondary  derivatives  is  made  use  of  in  this  con- 
nection since  the  formation  of  the  primary  derivatives  generally  precedes 
the  formation  of  these  secondary  derivatives.  These  derived  proteins 
are  obtained  from  native  simple  proteins  by  hydrolyses  of  various  kinds, 
e.  g.,  through  the  action  of  acids,  alkalis,  heat,  or  enzymes.  The  particu- 
lar class  of  derived  protein  desired  r^ulates  the  method  of  treatment  to 
which  the  native  protein  is  subjected. 

Primaiy  Protein  Derivatives. 

The  primary  protein  derivatives  are  "apparentiy  formed  through 
hydrolytic  changes  which  involve  only  slight  alterations  of  the  protein 
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molecule."    This  class  includes  proteans,  metaproteins,  and  coagulated 
proteins. 

PROTEANS. 

Proteans  are  those  insoluble  protein  substances  which  are  produced 
from  proteins  originally  soluble  through  the  incipient  action  of  water, 
enzymes,  or  very  dilute  adds.  It  is  well  known  that  globulins  become 
insoluble  upon  repeated  reprecipitation  and  it  may  possibly  be  found  that 
the  greater  number  of  the  proteans  are  transformed  globulins.  Osborne, 
however,  believes  that  nearly  all  proteins  may  give  rise  to  proteans.  This 
investigator  who  has  so  very  thoroughly  investigated  many  of  the  vege- 
table proteins  claims  that  the  hydrogen  ion  is  the  active  agent  in  the  trans- 
formation. The  protein  produced  from  the  transformation  of  edestin  is 
called  edestan,  that  produced  from  myosin  is  called  myosan,  etc.  The 
name  protean  was  first  given  to  this  class  of  proteins  by  Osbome  in  1900 
in  connection  with  has  studies  of  edestin. 

Experiments  on  Proteans 

Preparation  and  Study  of  Edestan. — Prepare  edestin  according  to 
the  directions  given  on  page  109.  Bring  the  edestin  into  solution  in 
0,2  per  cent  hydrochloric  acid  and  permit  the  acid  solution  to  stand  for 
about  one-half  hour.'  Neutralize,  with  a  0.5  per  cent  solution  of  sodium 
carbonate,  liiter  off  the  precipitate  of  edestan  and  make  the  following 
tests: 

1.  SoIubility.^Try  the  solubility  in  the  ordinary  solvents  (see  page 
27).  Note  the  altered  solubih'ty  of  the  edestan  as  compared  with  that  of 
edestin  (see  page  no). 

2.  Millon's  Reaction. 

3.  Coagulation  Test — Place  a  small  amount  of  the  protean  in  a 
test-tube,  add  a  little  water  and  boil.  Now  add  dilute  hydrochloric  acid 
and  note  that  the  protein  no  longer  dissolves.     It  has  been  coagulated. 

4.  Tests  on  Edestan  Solution.— Dissolve  the  remainder  of  the 
edestan  precipitate  in  0.2  per  cent  hydrochloric  add  and  make  the  follow- 
ing tests: 

(a)  Biuret  Test. 

(b)  Influence  of  Protein  Precipitanls. — Try  a  few  protein  precipitants 
such  as  picric  acid  and  mercuric  chloride. 

METAPROIEINS. 

The  metaproteins  are  formed  from  the  native  simple  proteins  through 
an  action  similar  to  that  by  which  proteans  are  formed.     In  the  case  of 
■The edestan  solulion  preserved  from  experiment  (5),  page  11 1,  may  be  used. 
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the  metaproteins,  however,  the  changes  in  the  original  protein  molecule 
are  more  profound.  These  derived  proteins  are  characterized  by  being 
soluble  in  very  weak  acids  and  alkalis,  but  insoluble  in  neutral  fluids. 
The  metaproteins  have  generally  been  termed  albuminates,  but  inasmuch 
as  the  termination  ate  signines  a  salt  it  has  always  been  somewhat  of  a 
misnomer. 

Two  of  the  principal  metaproteins  are  the  acid  metaprolein  or  so- 
called  acid  albuminate  and  the  alkali  metaprolein  or  so-called  alkali 
albuminate.  They  differ  from  the  native  simple  proteins  principally  in 
being  insoluble  in  sodium  chloride  solution  and  in  not  being  coagulated 
except  when  suspended  in  neutral  fluids.  Both  forms  of  metaprotein 
are  precipitated  upon  the  approximate  neutralization  of  their  solutions. 
They  are  precipitated  by  saturating  their  solutions  with  ammonium  sul- 
phate, and  by  sodium  chloride  also,  provided  they  are  dissolved  in 
an  acid  solution.  Acid  metaprotein  contains  a  higher  percentage  of 
nitrogen  and  sulphur  than  the  alkali  metaprotein  from  the  same  source, 
since  some  of  the  nitrogen  and  sulphur  of  the  original  protein  is 
hberated  in  the  formation  of  the  latter.  Because  of  this  fact,  it  is  impos- 
sible to  transform  an  alkali  metaprotein  into  an  acid  metaprotein,  while  it 
is  possible  to  reverse  the  process  and  transform  the  acid  metaprotein  into 
the  alkali  modification, 

EXPEKIUENTS   ON   METAPROTEINS. 
ACID  METAPROTEIN  (ACID  ALBUHINATE). 
Preparation  and  Study. — Take  25  grams  of  hashed  lean  beef  washed 
free  from  the  major  portion  of  blood  and  inorganic  matter,  and  place  it  in 
a  medium-sized  beaker  with  100  c.c.  of  0,2  per  cent  HCl.     Place  it  on  a 
boiling  water-bath  for  one-half  hour,  filter,  cool,  and  divide  the  filtrate 
into  two  parts.    Neutralize  the  first  part  with  dilute  KOH  solution, 
^r^   filter  off  the  precipitate  of  acid  metaprolein  and  make  the  following  tests: 
*■  "^(^^^2^  5o/KW///y.^-SolubiIity  in  the  ordinary  solvents  {sec  page  27). 
i^'^lv'^^  ^fillon's  Reaction.  ^X . 

J^\    "j^    (3)  Coagulation  Test. —  Suspend  a  little  of  the  metaprotein  in  water 
^^  VTneutral  solution)  and  heat  to  boiling  for  a  few  moments.     Now  add 
\^*         1-2  drops  of  KOH  solution  to  the  water  and  see  if  the  metaprotein  is  still 
^  .y*"^  soluble  in  dilute  alkali .*0*What  is  the  result  and  why? 
tC'y.  (4)  Test  for  Loosely  Combined  Sulphur  (see  page  108).  '*lff«#-  »** 

(^-  Subject  the  second  part  of  the  original  solution  to  the  following  tests: 

(i)  Coagulation  Test.- — Heat  some  of  the  solution  to  boiling  in  a  test- 
tube.     Does  it  coagulate? 
(2)  Biuret  Test. 
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(3)  Jniuence  of  Protein  Preci/ntanls. — Try  a  few  protein  precipitants 
such  as  picric  acid  aad  mercuric  chloride.  How  do  the  results  obtained 
compare  with  those  from  the  experiments  on  egg  albumin?  (See 
page  I02.) 

ALKALI  UETAPROTEIN  (ALKALI  ALBUUIHATE). 
Preparation  and  ■  Study.— Carefully  separate  the  white  from  the 
yolk  of  a  hen's  egg  and  place  the  former  in  an  evaporating  dish.  Add 
concentrated  potassium  hydroxide  solution,  drop  by  drop,  stirring  con- 
tinuously. The  mass  gradually  thickens  and  iinally  assumes  the  con- 
sistency of  jelly.  This  is  solid  alkali  metaproUin  or  "Lieberkiihn's 
jelly."  Do  not  add  an  excess  of  potassium  hydroxide  or  the  jelly  will 
dissolve.  Cut  it  into  small  pieces,  place  a  cloth  or  wire  gauze  over  the 
dish,  and  by  means  of  running  water  wash  the  pieces  free  from  adherent 
alkali.  Now  add  a  small  amount  of  water,  which  forms  a  weak  alkaline 
solution  with  the  alkali  within  the  pieces,  and  dissolve  the  jelly  by  gentle 
heat.  Cool  the  solution  and  divide  it  into  two  parts.  Proceed  as  follows 
with  the  first  part:  Neutralize  with  dilute  hydrochloric  acid,  noting  the 
odor  of  the  liberated  hydrogen  sulphide  as  the  alkali  metaprotein  precipi- 
tates. Filter  off  the  precipitate  and  test  as  for  acid  metaprotein,  page 
116,  noting  particularly  the  sulphur  test.  How  does  this  lest  compare 
with  that  given  by  the  acid  metaprotein?  Make  tests  on  the  second  part 
of  the  solution  the  same  as  for  acid  metaprotein,  page  116. 

Coagulated  Proteins. 

These  derived  proteins  are  produced  from  unaltered  protein  mate- 
rials by  heat,  by  long  standing  under  alcohol,  or  by  the  continuous  move- 
ment of  their  solutions  such  as  that  produced  by  rapid  stirring  or  shaking. 
In  particular  instances,  such  as  the  formation  of  fibrin  from  fibrinogen 
(see  page  195),  the  coagulation  may  be  produced  by  enzyme  action. 
Ordinary  soluble  proteins  after  having  been  transformed  into  the  coagu- 
lated modification  are  no  longer  soluble  in  the  ordinar>'  solvents.  Upon 
being  heated  in  the  presence  of  strong  acids  or  alkalis,  coagulated  proteins 
are  converted  into  metaproteins. 

Many  proteins  coagulate  at  an  approximately  fixed  temperature 
under  definite  conditions  (see  pp.  106  and  254).  This  characteristic  may 
be  applied  to  separate  different  coagulable  proteins  from  the  same  solution 
by  fractional  coagulation.  The  coagulation  temperature  frequently  may 
serve  in  a  measure  to  identify  proteins  in  a  manner  similar  to  the  melting- 
point  or  boiling-point  of  many  other  organic  substances.  The  separation 
of  proteins  by  fractional  coagulation  is  thus  analogous  to  the  separation 
of  volatile  substances  by  means  oi  fractional  distillation.     This  method  of 
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sqjarating  proteins  is  not  a  satisfactory  one,  however,  inasmuch  as  proteins 
in  solution  have  different  effects  upon  one  another  and  also  because  of  the 
fact  that  the  natiue  of  the  solvent  causes  a  variation  in  the  temperature  at 
which  a  given  protein  coagulates.  The  nature  of  the  process  involved 
in  the  coagulation  of  proteins  by  heat  is  not  well  understood,  but  it  is 
probable  that  in  addition  to  the  altered  arrangement  of  the  component 
atoms  in  the  molecule,  there  is  a  mild  hydrolysis  which  is  accompanied 
by  the  liberation  of  minute  amounts  of  hydrogen,  nitrogen,  and  sulphur. 
The  presence  of  a  neutral  salt  or  a  trace  of  a  mineral  acid  may  facilitate 
the  coagulation  of  a  protein'solution  (seepage  io6),  whereas  any  appreciable 
amount  of  acid  or  alkali  will  retard  or  entirely  prevent  such  coagulation. 

It  has  recently  been  shown  that  the  coagulation  of  proteins  by  heat 
proceeds  in  two  stages,'  first,  a  reaction  between  the  protein  and  the  hot 
water  (denaturation)  and  second,  an  agglutination  or  separation  of  the 
altered  protein  in  particulate  form.  The  concentration  of  acid,  or  hydro- 
gen ion,  in  the  solution  influences  the  coagulation  of  proteins,  such  that 
the  original  protein  is  acted  upon  less  readily  by  hot  water  alone  thanin  the 
presence  of  add.  The  formal  ion  of  the  coagulum  is  accompanied  by  the 
disappearance  of  the  free  acid  from  the  solution,  indicating  the  formation 
of  a  protein  salt.  A  disturbance  of  the  equilibrium  between  the  hydro- 
lyzed  and  unhydrolyzed  portions  of  the  protein  salt,  due  to  the  greater 
rapidity  with  which  the  unhydrolyzed  portion  is  precipitated,  results  in 
the  gradual  removal  of  both  protein  and  acid  from  the  solution.  This 
has  been  offered  as  an  explanation  of  the  decreasing  acidity. 

According  to  Chick  and  Martin,  the  addition  of  neutral  salts  to  the 
acid  solution  of  the  salt-free  protein  to  be  coagulated  results  in  a  decreased 
rate  of  coagulation.  This  is  due  in  part  to  the  decrease  in  the  concen- 
tration of  the  free  acid,  which  results  from  the  disturbance  of  the  equilib- 
rium between  the  protein  and  acid  and  also  in  part  to  the  direct  influence 
which  ihe  salts  exert  upon  the  protein.  The  presence  of  neutral  salts 
may  under  certain  circumstances  facilitate  the  coagulation  of  proteins  by 
heal. 

The  temperature  at  which  egg  white  is  coagulated  causes  a  difference 
in  the  appearance  of  the  coagulum.'  Coagulated  egg  white  which  has 
been  immersed  in  water  at  a  low  temperature  and  then  gradually  heated 
to  the  coagulating  temperature  is  more  translucent  and  has  a  bluish  color, 
whereas,  egg  white  which  has  been  immersed  in  water  heated  to  a  tem- 
perature above  the  coagulating  temperature  is  creamy-white  in  color. 
The  varying  digestibility,  as  the  result  of  the  different  methods  of  heating, 
has  been  discussed  in  the  chapter  on  Enzymes. 
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Experiments  on  Coaguxated  Protein. 

Ordinary  coagulated  egg-white  may  be  used  in  the  following  tests: 

1.  Solubility. — Try  the  solubility  of  smell  pieces  of  the  coagulated 
protein  in  each  of  the  ordinary  solvents  (see  page  27). 

2.  Millon's  Reaction. 

3.  Xanthoproteic  Reaction. — Partly  dissolve  a  medium-sized  piece 
of  the  protein  in  concentrated  nitric  acid.  Cool  the  solution  and  add  an 
excess  of  ammonium  hydroxide.  Both  the  protein  solution  and  the 
undissolved  protein  will  be  colored  orange. 

4.  Biuret  Test. — Partly  dissolve  a  medium-sized  piece  of  the  protein 
in  concentrated  potassium  hydroxide  solution.  If  the  proper  dilution  of 
copper  sulphate  solution  is  now  added  the  white  coagulated  protein,  as 
well  as  the  protein  solution,  will  assume  the  characteristic  purpUsh-vioIet 
color. 

5.  H(^kin'5-Cole  Reaction.— Conduct  this  test  according  to  the 
modihcation  given  on  page  98. 

Secondary  Protein  DeiwatiTes. 

These  derivatives  result  from  a  more  profound  cleavage  of  the  protein 
molecule  than  that  which  occurs  in  the  formation  of  the  primary  deriva^ 
lives.     The  class  includes  proteoses,  peptones,  and  peptides. 

KlOTEO^S  AND  PEPTONES. 

Proteoses  are  intermediate  products  in  the  digestion  of  proteins  by 
proteolytic  enzymes,  as  well  as  in  the  decomposition  of  proteins  by  hydrol- 
ysis and  the  putrefaction  of  proteins  through  the  action  of  bacteria. 
Proteoses  are  called  albumoses  by  some  writers,  but  it  seems  more  logical 
to  reserve  the  term  albumose  for  the  proteose  of  albumin. 

Peptones  are  formed  after  the  proteoses  and  it  has  been  customary  to 
consider  them  as  the  last  product  of  the  processes  before  mentioned  which 
stiU  possess  true  protein  characteristics.  In  other  words  it  has  been 
considered  that  the  protein  nature  of  the  end-products  of  the  cleavage  of 
the  protein  molecule  ceased  with  the  peptones,  and  that  the  simpler 
bodies  formed  from  peptones  were  substances  of  a  different  nature  (see 
page  70).  However,  as  the  end-products  have  been  more  carefully 
studied,  it  has  been  found  to  be  no  easy  matter  to  designate  the  exact 
character  of  a  peptone  or  to  indicate  the  exact  point  at  which  the  peptone 
characteristic  ends  and  the  peptide  characteristic  begins.  The  situation 
regarding  the  proteoses,  peptones  and  peptides,  is  at  present  a  most 
unsatisfactory  one  because  of  the  unsettled  state  of  our  knowledge  regard- 
ing them.    The  exact  differences  between  certain  members  of  the  peptone 
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and  peptide  groups  remain  to  be  more  accurately  established.  It  has 
been  quite  well  established  that  the  peptones  are  peptides  or  mixtures  of 
peptides  but  the  term  peptide  is  used  at  present  to  designate  only  those 
possessing  a  definite  structure. 

There  are  several  proteoses  (protoproteose,  heteroproteose  and  deutero- 
proteose),  and  at  least  two  peptones  {amphopeptone  and  antipeptone) , 
which  result  from  proteolysis.  The  differentiation  of  the  various  proteoses 
and  peptones  at  present  in  use  is  rather  unsatisfactory.  These  com- 
pounds are  classified  according  to  their  varying  solubilities,  especially  in 
ammonium  sulphate  solutions  of  different  strengths.  The  exact  differ- 
ences in  composition  between  the  various  members  of  the  group  remain  to 
be  more  accurately  established.  Because  of  the  difficulty  attending  the 
separation  of  these  bodies,  pure  proteose  and  peptone  are  not  easy  to  pro- 
cure. The  so-called  peptones  sold  commercially  contain  a  large  amount 
of  proteose.  As  a  class  the  proteoses  and  peptones  are  very  soluble, 
diffusible  bodies  which  are  non-coagulable  by  heat.  Peptones  differ  from 
proteoses  in  being  more  diffusible,  non-precipitable  by  (NH4)2S04,  and  by 
their  failure  to  give  any  reaction  with  potassium  ferrocyanide  and  acetic  acid, 
potassio-mercuric  iodide  and  HCl,  picric  acid,  and  trichloracetic  acid.  The 
so-called  primary  proteoses  are  precipitated  by  HNOa  and  are  the  only 
members  of  the  proteosc-peptone  group  which  are  so  precipitated. 

Some  of  the  more  general  characteristics  of  the  proteose-peptone 
group  may  be  noted  by  making  the  following  simple  tests  on  a  proteose- 
peptone  powder: 

(i)  Solubility. — Solubility  in  the  ordinary  solvents  (see  pJge  27), 
-  titX  ■   (2)  Millon's  Reaction.  QJUt-    Hl^      -T-^'^f^  1*^ 

Dtssolve  a  little  of  the  powder  in  water  and  test  the  solution  as 
follows: 

(r)  Precipitation  by  Picric  Acid.— To  5  c.c.  of  proteose-peptone 
solution  in  a  test-tube  add  picric  acid  until  a  permanent  precipitate  forms. 
The  precipitate  disappears  on  heating  and  returns  on  cooling. 

(2)  Precipitation  by  a  Mineral  Acid.- — Try  the  precipitation  by  nitric 
acitT-    j  *,-«  yt-t«— •  yyX , 

(3)  Coagulatmt  Test. — Heat  a  little  proteose-peptone  solution  to 
boim^.     Does  it  coagulate  like  the  other  simple  proteins  studied?  In*-; 

SEPARATION  OP  PROTEOSES  AND  PEPTONES.' 

Place  so  c.c,  of  proteose-peptone  solution  in  an  evaporating  dish  or 
cuserole,  and  half-saturate  it  with  ammonium  sulphate  solution,  which 

'  The  separation  of  proteoses  and  .peptones  by  means  of  fractional  precipitation  with 
ammonium  sulphate  does  not  possess  the  signiiicance  it  was  one  supirascd  to  possess  Inas- 
much as  the  boundary  betnrcn  these  substances  and  ^^i^ci  is  not  vrcll  defined  (see  p.  119). 
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may  be  accomplished  by  adding  an  equal  volume  of  saturated  ammonium 
sulpbate  solution.  At  this  point  note  the  appearance  of  a  precipitate  of 
the  primary  proteoses  (protoproteose  and  hetero-proteose) .  Now  heat 
the  half-saturated  solution  and  its  suspended  precipitate  to  boiling  and 
saturate  the  solution  with  solid  ammonium  sulphate.  At  full  saturation 
the  secondary  proteoses  (deuteroproteoses)  are  precipitated.  The  pep- 
tones remain  in  solution. 

Proceed  as  follows  with  the  precipitate  of  proteoses:  Collect  the 
sticky  precipitate  on  a  rubber-tipped  stirring  rod  or  remove  it  by  means  of 
a  watch  glass  to  a  small  evaporating  dish  and  dissolve  it  in  a  little  water. 
To  remove  the  ammonium  sulphate,  which  adhered  to  the  precipitate 
and  is  now  in  solution,  add  barium  carbonate,  boil,  and  filter  off  the 
precipitate  of  barium  sulphate.  Concentrate  the  proteose  solution  to  a 
small  volume'  and  make  the  following  tests: 

(i)  Biuret  Test.      *J  ry^     "KU^ 

(2)  Precipitation  by  Nitric  Acid. — What  would  a  precipitate  at  this 
poinT indicate?     t'tn-^-^t-  Hf^At^^-^^'^Zt'  <^*-»  fT^    • 

(i)  Precipitation  by  Trichloracetic  Acid. — This  precipitate  dissolves 
on  heating  and  returns  on  cooling.     U-1— ^*— ■   f^y^   ■ 

{4)  Precipitation  by  Picric  Acid. — This  precipitate  also  disappears  on 
heating  and  returns  on  cooling.    Lt^iU-^-*— *-  ui-C—t. 

{^Precipitation  by  Potassio-mercuric  Iodide  and  Hydrochloric  Acid. 

(0)  Coagulation  Test. — Boil  a  little  in  a  test-tube.     Does  it  coagulate?  L^ 

(7)  Acetic  Acid  and  Potassium  Ferrocyanide  Test.     Mx  /^**  --     Ct-trx^  , 

The  solution  containing  the  peptones  should  be  cooled  and  filtered, 
and  the  ammonium  sulphate  in  solution  removed  by  boiling  with  barium 
carbonate  as  described  above.  After  filtering  off  the  barium  sulphate 
precipitate,  concentrate  the  peptone  filtrate  to  a  small  volume  and  repeat 
the  test  as  given  under  the  proteose  solution,  above.  In  the  biuret  test 
the  solution  should  be  made  very  strongly  alkaline  with  solid  potassium 
hydroxide. 

PEPTIDES. 

The  peptides  are  "defini'ely  characlerized  combinations  of  two  or 
more  amino  acids,  the  carboxyl  (COOH)  group  of  one  being' united 
with  the  amino  (NHa)  group  of  the  other  with  the  elimination  of  a  mole- 
cule of  water."  These  peptides  are  more  fully  discussed  on  pages  71 
and  119. 

'  If  the  proteoses  are  desired  in  pnvvder  form,  ihis  conccmraLed  proteose  solution  may 
now  be  precipitated  by  akohol.  and  (his  precipitate,  after  being  washed  wi  lb  absolute  alcohol 
and  with  ether,  may  be  dried  and  powdered. 
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REVIEW  OF  PROTEINS. 

In  order  to  facilitate  the  student's  review  of  the  proteins,  the  prepara- 
tion of  a  chart  similar  to  the  model  given  is  recommended.  The  signs+ 
and  —  may  be  conveniently  used  to  indicate  positive  and  negative 
reactions. 

MODEL  CHART  FOR  REVIEW  PURPOSES. 
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"Unknown"  Mixtures  and  Solutions  op  Proteins. 

At  this  point  the  student's  knowledge  of  the  characteristics  of  the 
various  proteins  studied  will  be  tested  by  requiring  him  to  examine  several 
"unknown"  protein  mixtures  or  solutions  and  make  full  report  upon  the 
same.    The  scheme  given  on  page  123  may  be  used  in  this  examination. 
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CHAPTER  VI. 
GASTWC  DIGESTION. 

Gastric  digestion  takes  place  in  the  stomach  and  is  promoted  by 
the  gastric  juice,  which  is  secreted  by  the  glands  of  the  stomach  mucosa. 
These  glands  are  of  two  kinds,  fundus  glands  and  pyloric  glands  which 
are  situated,  as  their  names  imply,  in  the  regions  of  the  fundus  and 
pylorus.  The  principal  foods  acted  upon  in  gastric  digestion  are  the 
proteins  which  are  so  changed  by  its  processes  as  to  become  better  pre- 
pared for  further  digestion  in  the  intestine  and  for  their  final  absorption. 

From  reliable  experiments  made  upon  lower  animals  it  is  evident 
that  the  gastric  juice  is  secreted  as  the  result  of  stimuli  of  two  forms, 
i.  e.,  psychical  stimuli  and  chemical  stimuli.  The  psychical  form  of 
stimuli  may  be  produced  by  the  sight,  thotight,  or  taste  of  food,  and  the 
chemical  stimuli  may  be  produced  by  certain  substances,  such  as  water, 
milk,  the  extractives  of  meat,  etc.,  when  coming  in  contact  with  the 
stomach  mucosa.  The  stimulatory  power  of  water  has  been  very  strik- 
ingly demonstrated.^  Experiments  have  been  made  which  indicate 
clearly  that  the  outpouring  of  gastric  juice  increases  in  direct  proportion 
to  the  volume  of  water  which  comes  into  contact  with  the  gastric  mucosa.^ 
The  claim  that  the  drinking  of  water  with  meals  is  harmful  because  such 
a  procedure  causes  a  dilution  of  the  gastric  juice,  has  no  basis  in  fact. 
The  drinking  of  water  with  meals  by  normal  individuals  has  been  found 
to  be  accompanied  by  a  more  economical  utilization  of  the  ingested  pro- 
teins, fats  and  carbohydrates.  Various  other  desirable  and  no  undesirable 
features  have  been  demonstrated  as  accompanying  or  following  such  a 
dietary  procedure.'  No  experimental  evidence  has  been  submitted  which 
can  justly  be  interpreted  as  showing  any  harmful  influence  to  accompany 
or  follow  the  drinking,  by  normal  persons,  of  large  quantities  of  water  at 
meal  time. 

'  Kosler  and  l^mberl:  Journ.  Bxper.  Mrd.,  lo,  820,  190S. 

'  Wills  and  Hawk:  Jour.  Biol.  Chcin..  9,  xx.t,  1911.     (Proceedings.) 

>  Hawk;  i'tiirersilv  of  Pennsvhitnia  Medical  BuUctin,  18,  i,  1905. 

Fowler  and  Hawk:  Jour.  Exper.  Med.,  11.  388,  iqio, 

Hattrem  and  Hawk:  Arch.  Int.  Med..  7,  6ro,  1911. 

MatLill  and  Hawk:  Jour.  Am.  Chem.  Soc.,  33.  pp.  1978,  1999,  and  2019,  1911. 

Hawk:  Areh.  Int.  .Med-,  8.  38;.  loii. 

Hawk:  Froceedinits  Sot.  Esp.  Biol,  mid  Med.,  8,  36,  1910. 

Fairhall  and  Hawk:  Jour.  .Ini.  Cliem.  Soc,,  14,  546,  1912. 

i/oirc  and  Hawk:  Jmir.  Biol.  Cliem-,  11,  129,  191;. 
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The  volume  of  gastric  juice  secreted  during  any  given  period  of 
digestion  varies  with  the  quantity  and  kind  of  the  food.  These  con- 
clusions were  deduced  principally  from  a  series  of  so-called  delusive 
feeding  experiments.  A  dog  was  prepared  with  two  oesophageal  openings 
and  a  gastric  fistula.  When  thus  prepared  and  fed  foods  of  various  kinds 
such  as  meat  and  bread,  the  material  instead  of  passing  to  the  stomach, 
would  invariably  find  its  way  out  of  the  animal's  body  at  the  upper 
cesophageal  opening.  Through  the  medium  of  the  gastric  fistula  the 
course  of  the  secretion  of  gastric  juice  could  be  carefully  followed.  It 
was  found  that  when  the  dog  ate  meat,  for  example,  there  was  a  large 
secretion  of  gastric  juice  notwithstanding  no  portion  of  the  food  eaten 
had  reached  the  stomach.  Further  experiments  made  through  the 
medium  of  a  cul-de-sac  formed  from  the  stomach  wall  have  given  us 
many  \aluable  conclusions,  among  others  those  regarding  the  influence 
of  the  chemical  stimuli.  The  method  followed  was  to  feed  the  animal 
certain  substances  and  note  the  secretion  of  gastric  juice  in  the  miniature 
stomach  while  the  real  process  of  digestion  was  taking  place  in  the 
stomach  proper. 

Normal  gastric  juice  is  a  thin,  light  colored  fluid  which  is  acid  in 
reaction  and  has  a  specific  gravity  varying  between  i.ooi  and  i.oio. 
It  contains  only  2-3  per  cent  of  soUd  matter  which  is  made  up  prin- 
cipally of  hydrochloric  acid,  sodium  chloride,  potassium  chloride,  earthy 
phosphates,  mucin  and  the  enzymes  pepsin,  gastric  rennin,  and  gastric 
lipase;  the  hydrochloric  acid  and  the  enzymes  are  of  the  greatest  im- 
portance. The  acidity  of  the  gastric  juice  is  due  to  free  hydrochloric. 
It  was  formerly  believed  that  this  acid  was  secreted  by  the  parietal  cells 
of  the  fundus  as  well  as  by  the  chief  cells  of  both  the  fundus  and  pyloric 
glands.  It  has  recently  been  claimed.'  however,  that  the  parietal  cell  is 
the  seal  of  the  formation  of  the  hydrochloric  acid.  This  conclusion  is  based 
upon  the  formation  of  Prussian  blue  after  the  subcutaneous  injection  of 
potassium  ferrocyanide  and  ammonium  ferric  citrate  (rabbits  and 
guinea-pigs)  and  the  subsequent  (3  to  30  hours)  microscopical  examina- 
tion of  the  gastric  mucosa.  The  acid  was  shown  to  be  present  in  the 
lumina  of  the  gland  tubules  and  in  the  canaliculi  of  the  parietai  cells; 
traces  were  also  apparently  present  in  the  cytoplasm.  Still  more  recently 
Bensley  and  Harvey"  have  shown  by  means  of  dyes  which  act  as  vital 
stains  and  as  indicators  very  sensitive  to  alkali  that  the  secretion  in  the 
parietal  cells  is  slightly  alkaline  whereas  that  in  Ike  lumen  of  the  gland 
proper  is  very  nearly  neutral.  Therefore,  the  acid  is  formed  entirely  above 
the  level  of  the  gland  proper,  i.e. .  in  the  foveolK  and  on  the  surface.     It  is 
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apparent  from  the  work  of  Fitzgerald,  and  Bensley  and  Harvey  that 
the  question  as  to  the  seat  of  formation  of  the  hydrochloric  acid  must 
be  considered  as  undecided. 

Hydrochloric  acid  is  generally  present  in  the  gastric  juice  of  man  to 
the  extent  of  0.2-0.3  P^"^  *^^"t-  When  the  amount  of  hydrochloric  acid 
varies  to  any  considerable  degree  from  these  values  a  condition  of 
hypoacidity  or  hyperacidity  is  established.  Hydrochloric  acid  has  the 
power  of  combining  with  protein  substances  taken  in  the  food,  thus 
forming  so-called  combined  hydrochloric  acid.  This  combined  acid  is  a 
less  potent  germicide  than  free  hydrochloric  add  and  has  less  power  to 
destroy  the  amylolytic  enzyme  salivary  amylase  (ptyalin)  of  the  saliva. 
This  last  fact  explains  to  a  degree  the  possibility  of  the  continuance  of 
salivary  digestion  in  the  stomach. 

The  term  combined  hydrochloric  acid  is  really  a  misnomer.  When 
free  hydrochloric  acid  is  treated  with  a  protein  the  latter  functions  as  a 
base  metal  and  a  salt  is  formed.  Therefore,  instead  of  having,  "com- 
bined hydrochloric  acid"  we  have  a  protein  salt  of  hydrochloric  acid. 
This  salt  ionizes  differently  from  the  free  acid.  This  fact  explains  the 
variation  in  the  germicidal  properties  of  the  two  solutions  as  well  as  their 
different  action  toward  enzymes,  such,  for  example,  as  salivary  amylase 
(see  page  66) . 

The  hydrochloric  acid  of  the  gastric  juice  forms  a  medium  in  which 
the  pepsin  can  most  satisfactorily  digest  the  protein  food,  and  at  the 
same  time  it  acts  as  an  antiseptic  or  germicide  which  prevents  putre- 
factive processes  in  the  stomach.  It  also  possesses  the  power  of  inverting 
cane  sugar,  this  property  being  due  to  the  hydrogen  ion.  When  the 
hydrochloric  acid  of  the  gastric  juice  is  diminished  in  quantity  (hypoacid- 
ity) or  absent,  as  it  may  be  in  many  cases  of  functional  or  organic  dis- 
ease, there  is  no  check  to  the  growth  of  micro-organisms  in  the  stomach. 
There  are,  however,  certain  of  the  more  resistant  spores  which  even  the 
normal  acidity  of  the  gastric  juice  will  not  destroy.  A  condition  of 
hypoacidity  may  also  give  rise  to  fermentation  with  the  formation  of 
comparatively  large  amounts  of  such  substances  as  lactic  acid  and  butyric 
acid. 

The  question  of  the  origin  of  the  hydrochloric  add  of  the  gastric 
juice  is  a  problem  to  whose  solution  many  investigators  have  given 
much  attention.  Many  theories  have  been  proposed,  among  them 
being  Bunge's  mass  action  theory,  Kbppe's  electrolytic  dissociation  theory, 
and  the  more  recent  theory  based  upon  the  interaction  of  sodium  chloride 
and  lactic  acid.  We  cannot  go  into  a  discussion  of  these  various  theories. 
Each  of  them  has  met  with  objection  and  we  have,  as  yet,  no  generally 
accepted  theory  as  to  the  origin  of  the  hydrochloric  add  of  the  gastric 
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juice.  That  this  hydrochloric  add  originates  from  the  chlorides  of  the 
blood  is  apparently  a  well  established  fact,  but  farther  than  this  no  positive 
■  statement  can  be  made. 

The  most  important  of  the  enzymes  of  the  gastric  juice  is  the  pro- 
teolytic enzyme  pepsin.  The  pepsin  does  not  originate  as  such  in  the 
gastric  cells  but  is  formed  from  its  precursor,  the  zymogen  or  mother- 
substance  pepsinogen,  which  is  produced  by  the  parietal  cells  of  the 
fundus  as  well  as  by  the  chief  cells  of  the  fundus  and  pyloric  glands. 
Pepsinogen  may  be  differentiated  from  pepsin  from  the  fact  that  it  is 
more  resistant  to  alkali.'  Upon  coming  in  contact  with  the  hydrochloric 
add  of  the  secretion  this  pepsinogen  is  immediately  transformed  into 
pepsin.  Pepsin  is  not  active  in  alkaline  or  neutral  solutions  but  requires 
at  least  a  faint  addity  before  it  can  exert  its  power  to  dissolve  and  digest 
proteins.  The  percentage  of  hydrochloric  acid  fadlitating  the  most 
rapid  peptic  action  varies  with  the  character  of  the  protein  acted  upon, 
e.  g.,  0.08  per  cent  to  o.i  per  cent  for  the  digestion  of  fibrin  and  o.as 
per  cent  for  the  digestion  of  coagulated  egg-white.  While  hydrochloric 
add  is  the  acid  usually  employed  to  promote  artifidal  peptic  proteolysis, 
other  adds,  organic  and  inorganic,  will  serve  the  same  purpose.  Addity 
of  the  liquid  is  necessary  to  promote  the  activity  of  the  pepsin,  but  the 
addity  need  not  necessarily  be  confined  to  hydrochloric  acid. 

In  common  with  many  other  enzymes  pepsin  acts  best  at  about 
38''-4o°  C.  and  its  digestive  power  decreases  as  the  temperature  is  lowered, 
the  enzyme  being  only  slightly  active  at  0°  C.  Its  power  is  only  tempo- 
rarily inhibited  by  the  application  of  such  low  temperatures,  however, 
and  the  enzyme  regains  its  full  proteolytic  power  upon  raising  the  tem- 
perature to  40"  C.  As  the  temperature  of  a  digestive  mixture  is  raised 
above  40°  C.  the  pepsin  gradually  loses  its  activity  until  at  about  8o°- 
100°  C.  its  proteolytic  power  is  permanently  destroyed. 

Our  ideas  regarding  the  nature  of  the  products  formed  in  the  course 
of  peptic  proteolysis  have  undergone  considerable  revision  in  recent 
years.  The  former  view  that  these  products  included  only  acid  albu- 
minate (acid  metaprotein),  proteoses  and  peptones  is  no  longer  tenable. 
From  the  investigations  of  numerous  observers  we  have  learned  that 
artificial  gastric  digestion  if  permitled  to  proceed  for  a  sufficiently  long 
period  will  yield,  in  addition  to  proteoses  and  peptones,  a  long  list  of 
protein  deavage  products  which  are  crystalline  in  character,  including 
leucine,  tyrosine,  alanine,  phenylalanine,  aspartic  acid,  glutamic  acid, 
proline,  leucinimide,  valine,  and  lysine.  A  similar  group  of  substances 
may  result  from  the  action  of  the  enzyme  trypsin  (see  p.  149).  The 
relative  amoimts   of   proteoses,  peptones,   and   crystalline   substances 

■Longley:  Jour,  of  Physiol.,  3,  p.  246, 
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formed  depends  to  a  great  extent  upon  the  character  of  the  protein  under- 
going digestion,  e.  g.,  a  greater  proportion  of  proleosis  results  from  the 
digestion  of  fibrin  than  from  the  digestion  of  coagulated  egg-white,  We  ■ 
must  not  be  led  into  the  error  of  thinking  that  the  large  number  of  protein 
cleavage  products  just  mentioned  are  formed  in  the  course  of  normal 
gastric  digestion  uHhin  the  animal  organism.  They  are  formed  onl\- 
after  comparatively  long-continued  hydrolysis.  In  pancreatic  digestion, 
however,  there  are  formed  even  under  normal  conditions,  the  large 
number  of  cleavage  products  to  which  reference  has  been  made.  Peptic 
preteolysis,  therefore,  within  the  animal  organism  differs  from  trvptic 
proteolysis  (see  page  149)  in  that  the  former  j-ields  larger  amounts  of 
proteoses,  smaller  amounts  of  peptones  and  no  considerable  quantity 
of  crystalline  bodies  as  end-products  in  the  brief  period  during  which 
proteins  are  ordinarily  subjected  to  gastric  digestion.  Prolonged  hydrol- 
ysis with  gastric  juice  does,  however,  yield  considerable  quantities  of 
the  non-protein  end-products.  In  cases  of  cancer  of  the  stomach  a 
pep  tide- splitting  enzyme  (erepsin)  is  present  in  the  stomach  contents- 
This  enzyme  is  believed  to  be  elaborated  by  the  cancer  tissue  and  its 
identification  is  of  importance  in  connection  with  the  diagnosis  of 
gastric  cancer.  The  glycyl-trytophane  test'  is  used  for  this  purpose 
(sec  p.  15). 

Abderhaldcn  and  Meyer-  have  very  recently  shown  active  pepsin  to 
be  present  in  the  contents  of  all  parts  of  the  small' intestine.  It  is  suggested 
that  pepsin  may  be  adsorbed  in  the  stomach  by  such  protein  substances 
as  pass  into  the  intestine  in  solid  form  and  that  the  pepsin  thus  protected 
may  bring  about  gastricdigestion  whenever  the  reaction  of  the  surrounding 
intestinal  contents  is  favorable.  This  fact  may  be  of  importance  in 
connection  with  the  profound  proteolysis  taking  place  in  the  intestine. 
Heretofore,  this  process  was  believed  to  be  furthered  alone  by  tr>psin 
and  erepsin.  The  passage  of  adsorbed  pepsin  into  the  intestine  may  be 
an  efficient  aid  to  the  proper  digestion  of  solid  proteins  which  are  ingested 
without  sufficient  mastication  ("bolted")^  and  which  consequently,  at 
times,  pass  into  the  intestine  in  rather  large  pieces  (see  chapter  on  Feces). 

Gastric  rennin,  the  second  enzyme  of  the  gastric  juice,  is  what  is 
known  as  a  milk  curdling  or  protein  coagulating  enzyme.  Rennin  acts 
upon  the  caseinogen  nf  the  milk,  splitting  it  into  a  proteose-like  body 
and  soluble  casein.  This  soluble  body,  in  the  presence  of  calcium 
salts,  combines  with  calcium,  forming  calcium  casein  or  true  casein 
which  is  insoluble  and  precipitates.     There  is  some  uncertainty  re- 

'  Neubauer  and  FEscher:  Deul.  Arch.j.  klin.  Mrd.,  o7i  4Q0i  iQog. 
'  AUderhalden  and  Meyer:  Zeit.jur  phyiid.  Chrm.,  74,  67.  iqti. 

'  Foster  and  Hawk:  Proreeding!.  u}  Ike  Eighth  JniernaSiviuil  Congress  of  Applied  Clu-mhtry, 
Sew  V'orlc,  September,  1011, 
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garding  the  reaction  to  litmus  in  which  gastric  rennin  shows  the  greatest 
activity.  It  is,  however,  said  to  be  active  in  neutral,  alkaline,  or  add 
solution.  However,  it  probably  possesses  its  greatest  acti\Tty  in  the 
presence  of  a  slight  acid  reaction,  as  would  naturally  be  expected.  It 
is  especially  abundant  in  the  gastric  mucosa  of  the  calf,  and  is  used 
to  curdle  the  milk  used  in  cheese-making.  Gastric  rennin  is  always 
present  normally  in  the  gastric  juice  but  in  certain  pathological  con- 
ditions such  as  atroph)-  of  the  mucosa,  chronic  catarrh  of  the  stomach, 
or  in  carcinoma  it  may  be  absent. 

The  theory  that  the  proteolytic  activity  and  the  milk  curdling  prof)- 
erty  of  the  gastric  juice  reside  in  a  single  substance  is  causing  much  con- 
troversy at  the  present  time.  The  theory  was  originally  advanced  by  the 
Pawlow  school.'  According  to  Xencki  and  Sieber^  the  miik  curdling 
and  protein  hydrolyzing  acti\"ities  reside  in  definite  and  distinct  side 
chains  of  a  single  mammoth  molecule.  The  view  which  has  rather  the 
strongest  support,  however,  is  to  the  effect  that  there  are  two  entirely 
distinct  enzymes.  Important  e\-idence  has  been  advanced  in  favor  of 
this  view  by  Hammarstcn.'  Taylor,'  and  Hemmeter.^  \'ery  recently 
Burge*  has  reported  experiments  upon  the  influence  of  a  direct  electric 
current  upon  solutions  possessing  t>pical  rennin  and  peptic  activities. 
By  this  means  be  was  able  to  prepare  a  solution  possessing  strong  rennin 
activity  but  entirely  void  of  peptic  acti\ity.  This  furnishes  strong  evi- 
dence against  the  identity  of  the  two  enz\-mes  but  does  not  necessarily 
deny  the  accuracy  of  the  side-chain  theory. 

Gastric  lipase,  the  third  enzj-me  of  the  gastric  juice,  is  a  fat-splitting 
enzyme.  It  possesses  but  slight  activity  when  the  gastric  juice  is  of 
normal  acidity,  but  evinces  its  action  principally  at  such  times  as  a 
gastric  juice  of  low  acidity  is  secreted  either  from  physiological  or  patho- 
logical cause.  The  digestion  of  fat  in  the  stomach  is,  however,  at  most, 
of  but  slight  importance  as  compared  with  the  digestion  of  fat  in  the 
intestine  through  the  acrion  of  the  lipase  of  the  pancreatic  juice  (see 
page  151). 

PREPARATION  OF  AW  ARTIFICIAL  GASTEUC  JUICE. 

Dissect  the  mucous  membrane  of  a  pig's  stomach  from  the  mus- 
cular portion  and  discard  the  latter.  Di\-ide  the  mucous  membrane 
into  two  parts  (4/5  and  1/5).     Cut  up  the  larger  jwrtion.  place  it  in 


*  Hammarsten:  ZcilHhriJt  }iir  Pkyudlo^hclic  Cbrmie.  56,  18,  1908. 
'  Taylor:  Journal  of  Bioiogiail  Chemistry.  5.  300,  looi). 
'Hemmcter:  Berliner  klinhth--  Wodicniehrifl,  lOivald  Fesir 

•  Burge;  American  Journal  of  Physiology,  jg,  n 
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a  large-sized  beaker  with  0.4  per  cent  hydrochloric  acid  and  keep  at 
38''-4o''  C.  for  at  least  24  hours.  Filter  off  the  residue,  consisting  prin- 
cipally of  nuclein  and  anfi-albumid,  and  use  the  filtrate  as  an  artificial 
gastric  juice.  This  filtrate  contains  pepsin,  rennin,  and  the  products 
of  the  digestion  of  the  stomach  tissue,  i.  e..  acid  nietaprotein  (acid  albu- 
minate), proteoses,  peptones,  etc. 

Preparation  of  a  Glycerol  Extract  of  Pig's  Stomach. 

Take  the  one-fifth  portion  of  the  mucous  membrane  of  the  pig's 
stomach  not  used  in  the  preparation  of  the  artificial  gastric  Juice,  cut 
it  up  very  finely,  place  it  in  a  small-sized  beaker  and  cover  the  mem- 
brane with  glycerol.  Stir  frequently  and  allow  to  stand  at  room  tem- 
perature for  at  least  ^4  hours.  The  glycerol  will  extract  the  pepsinogen. 
Separate,  with  a  pipette  or  by  other  means,  the  glycerol  from  the  pieces 
of  mucous  membrane  and  use  the  glycerol  extract  as  required  in  the 
later  experiments. 

Products  of  Gastric  Digestion, 

Into  the  artificial  gastric  juice,  prepared  as  above  described,  place 
the  protein  material  ffibrin,  coagulated  egg-white,  or  lean  beef)  pro- 
vided for  you  by  the  instructor,  add  0.4  per  cent  hydrochloric  add  as 
suggested  by  the  instructor  and  keep  the  digestion  mixture  at  40"  C. 
for  2  to  3  days.  Stir  frequently  and  keep /re?  hydrochloric  acid  present 
in  the  solution  (for  tests  for  free  hydrochloric  acid  see  p.  131).  |fr 

The  original  protein  has  been  digested  and  the  solution  now  con- 
tains the  products  of  peptic  proteolysis,  i.  e.,  aci<l  metaprotein  (acid 
albuminate),  proteoses,  peptones,  etc.  The  insoluble  residue  may 
include  nuclein  and  anti-albumid.  Filter  the  digestive  mixture  and 
after  testing  for/rce  hydrochloric  acid  neutralize  the  filtrate  with  potas- 
sium hydroxide  solution.  If  any  of  the  acid  metaprotein  (acid  albu- 
minate) is  still  untransformed  into  proteoses  it  will  precipitate  upon  neu- 
tralization. If  any  precipitate  forms  heat  the  mixture  to  boiling,  and 
filter.     If  no  precipitate  forms  proceed  without  filtering. 

We  now  have  a  solution  containing  a  mixture  consisting  principally 
of  proteoses  and  peptones.  Separate  and  identify  the  proteoses  and  pep- 
tones according  to  the  directions  given  on  pages  i3o  and  121. 
Tests  for  Free  and  Combined  HCL 
These  tests  are  made  with  a  class  of  reagents  known  as  indicators, 
so  called  because  they  show  changes  of  color  according  to  the  degree  of 
acidity  (or  alkalinity)  of  the  solution.  They  behave  as  though  they 
were  weak  acids  or  bases  whose  ions  and  unionized  molecules  have 
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different  colors.  Modern  theories  of  color  in  organic  compounds  liow- 
ever  class  them  as  tautomeric  substances. 

A  neutral  solution  is  one  in  which  there  are  equal  numbers  of  hydro- 
gen and  hydroxyl  ions.  An  acid  solution  has.  a  preponderance  of  hydro- 
gen ion  and  an  alkaline  solution  an  excess  of  hydroxyl  ion.  All  indi- 
cators do  not  show  changes  of  color  at  the  true  neutral  point,  bul  at 
some  fixed  degree  of  acidity  (or  alkalinity),  i.  e..  at  a  definite  hydrogen  or 
hydroxyl  ion  concentration.  Those  indicators  which  change  color  at  the 
approximate  true  neutral  point  are  litmus  and  rosolic  acid,  while  phenol- 
phthalein  changes  color  in  a  slightly  alkaline  solution.  Congo  red, 
sodium  alizarin  sulphonate  and  tropsolin  00  are  examples  of  indicators 
which  change  color  in  an  acid  solution. 

Organic  acids  are  not  sufficiently  strong,  i.  c,  do  not  produce  enough 
hydrogen  ion,  to  cause  color  changes  with  the  last-mentioned  class  of 
indicators;  litmus,  rosolic  add,  and  phenolphthalein  however  indicate 
the  hydrogen  ion  concentration  of  organic  acids  or  their  solutions.  Even 
very  dilute  solutions  of  mineral  acids  are  sufficiently  acid  to  produce 
color  changes  with  congo  red,  etc.  Phenolphthalein,  which  changes 
color  in  a  weakly  alkaline  solution,  is  used  to  indicate  the  presence  of 
add  combined  with  weakly  alkaline  substances  (as  protein)  as  well  as 
the  other  types  of  acid  and,  hence,  is  used  to  indicate  the  total  addity. 
The  differentiation  between  the  various  forms  of  addity  depends  upon 
the  above  facts. 

The  hydrogen  ion  concentrations  at  which  some  common  indicators 
show  the  most  characteristic  change  of  color  are  given  below.  Concen- 
trations are  expressed  in  approximate  moles  of  hydrogen  ion  per  liter. 


Indicator. 

Hydrogen  ion 

of  solution 

when  the 

color  changes. 

....   iXio-' 

Between  iXio— 'and 

■>-'.   Neutral. 

rfmOO 

---.    iXio-> 

.-.  Add. 

lyl-Bmino-azobenzen 

;  ,.   Between  iXio-'and 

Xi 

J-*  .  Add. 

...   Between  1X10  — 'and 

red 

....   Between  iXio-'and 

Iphthalein 

...  Between  iXio-'and 

Xi 

-•  .   Alkaline. 

i 


Examine  each  of  the  following  solutions  by  means  of  the  tests  given 
below  and  report  the  results  in  a  form  similar  to  the  chart  given  on 
page  133;  (i)  0.2  per  cent /ree  hydrochloric  add.  (a)  0,05  per  cent 
free  hydrochloric  acid.  (3)  o.oi  per  cent  free  hydrochloric  add.  (4) 
0.05  per  cent  combined  hj'drdchloric  acid  (see  p.  126).  (5)  i  per  cent 
lactic  add.  (6)  Equal  volumes  of  0.2  per  cent/ree  hydrochloric  acid  and 
I  per  cent  lactic  acid.     {7)  i  per  cent  potassium  hydroxide. 
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I.  Dimethyl-ammo-azobenzene  (or  TSpfer's  Reagent),' 
N(CH,)i-CsH4-N  =  N-C6Hs. 

Place  1-2  drops  of  the  reagent  in  the  solution  to  be  tested.  Free  min- 
eral add  (hydrochloric  acid)  is  indicated  by  the  production  of  a  pinkish- 
red  color.     If  free  acid  is  absent  a  yellow  color  ordinarily  results. 

2^,  Glinzberg's  Reagent^ — Place  1-2  drops  of  the  reagent  in  a 

small  porcelain  evaporating  dish  and  carefully  evaporate  to  dryness 
over  a  Imv  flame.  Insert  a  glass  stirring  rod  into  the  mixture  to  be 
tested  and  draw  the  moist  end  of  the  rod  through  the  dried  reagent. 
Warm  again  gently  and  note  the  production  of  a  purplish-red  color 
in  the  presence  oifree  hydrochloric  acid. 

3.  Boas*  Reagent' — Perform  this  test  in  the  same  manner  as 
2,  above.  Free  hydrochloric  add  is  indicated  by  the  production  of 
a  rose-red  color  which  becomes  less  pronounced  on  cooling. 

4.  Congo  Red/ 

XHs  SOjXa 


NH. 

Conduct  this  test  according  to  the  directions  given  under  1  or  2,  above. 
A  blue  color  indicates  free  hydrochloric  add,  a  violet  color  indi- 
cates an  organic  add  and  a  brown  color  indicates  combined  hydro- 
chloric add.  Congo-red  paper,  made  by  immersing  ordinary  filter 
paper  in  the  indicator  and  subsequently  dr^'ing.  may  be  used  in  this 
test. 

5.  TnqweoUn  00,'' 

NH(CsH6)  -  C.H^  -  N  =  X-  C,H,  -  SO,Xa. 

Place  2  drops  of  the  solution  to  be  tested  and  i  drop  of  the  indicator 
in  an  evaporating  dish  and  evaporate  to  d^^'ness  over  a  low  flame.  The 
formation  of  a  reddish-violet  color  indicates /rfc  hydrochloric  add. 

This    test   may   also   be    conducted    in    the   same   manner    as    2. 
abo\'e, 

•  To  prcpaie  T6pfer's  reagent  disjoU'c  0,3  gram  of  dimethj  1-aminc-azobeiuciie  ia  icnc.c. 
of  9S  per  CFDt  alcohol. 

■  (iUnzberg's  reagent  is  pivparcd  by  di'soliing  :  grams  of  phlorogtudnirf  and  i  gnm  of 
vanillin  in  100  c.c.  of  05  per  cent  alcohol. 

*  Bitas'  reagent  b  prepared  bv  dissolving  5  grams  oC  lesorcjnol  andignmsof  socnsein 
100  c.c.  of  50  per  cent  alcohol. 

'  This  indicator  is  piepared  by  dissohing  0.5  gram  of  congo  red  in  90  cc.  of  water  and 
adding  10  c.c.  of  05  pet  cent,  alcohol. 

'  I'tejinrt-il  by  ilis»>lvjng  c.05  tiram  of  tropzcdin  OO  in  100  c.c.  of  50  per  cent  akohol. 
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6.  Phenolphthaleiii,' 

C,H,OH 
/ 
C— CH^OH 
/\ 
C,H4       O 
.    \/ 
C 


o 

Add  the  indicator  directly  to  the  solution,  or  apply  the  test  according  to 
the  directions  given  under  2  on  page  134.  This  indicator  serves  to 
denote  the  lobil  acidity  since  it  is  acted  upon  by  free  mineral  adds, 
combined  acids,  organic  adds,  and  add  salts.  A  red  color  indicates  the 
presence  of  an  alkali  and  the  indicator  is  colorless  in  the  presence  of  a 
neutral  or  add  reaction.  This  indicator  is  unsatisfactory  in  the  pres- 
ence of  ammonia, 

7.  Sodium  Alizarin  Sulphonate,' 

CO  (OH)j 

/    \      / 
CsH,  CsH 

\     /     \ 
CO  SOjNa 

This  indicator  may  be  used  directly  in  the  solution  to  be  tested,  or  the 
test  may  be  applied  as  2,  page  134,  It  serves  to  indicate  all  add  re- 
actions except  those  due  to  combined  acids.  A  reddish-violet  color 
indicates  an  alkaline  reaction,  while  a  yellow  color  indicates  an  add 
reaction  due  to  a  free  mineral  acid,  an  organic  acid,  or  an  add  salt. 
Report  the  results  of  your  tests  tabulated  in  the  form  given  below: 

I  SoluliaiTS  Eiamincd.  ' 


Name  of  Indioitor 

I 

HCl' 

0^0 

^■' 

ifd? 

c^lfd 

^l\i. 

Equal  Vols, 

lis  a. 

K08.  i 

Goatbefg'a  HeaHcrt.                                                           | 

Bou-  R««™t, 

Congo  Red. 

TrDmoHn  OO. 

Phenolphthalein.                                                                                                        i 

*""""•  _  _    . 

'  This  indicator  is  girepared  by  dissnlvini;  i  gram  of  phenolphthalein  in  loo  ■ 
r  cent  alcohol, 
*  Prepare  ihis  indicator  by  dissolving  i  gram  of  sodium  alizarin  sulphonate  ii 
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GENERAL  EXPERIMENTS  OK  GASTRIC  DIGESTION. 


1.  Conditions  Essential  for  the  Action  of  Pepsin. — Prepare  four 

test-tubes  as  follows: 

^)  Five  c.c.  of  pepsin  solution.  -     '  ■         .^        . 

(J)  Five  c.c.  of  0,4  per  cent  hydrochloric  acid.  V^-***-'-  ^  -^ 

ft)  Five  c.c.  of  pepsin-hydrochloric  acid  solution.  -<      ,  -t      r 

^  Two  or  three  c.c.  of  pepsin  solution  and  2-3  c.c.  of  0.5  per  cent 
sodium  carbonate  solution.    Wi  .-         '' ".  •-''"  ■•    .         ■-' 

Introduce  into  each  tube  a  small  piece  of  fibrin  and  place  them  in  the 
incubator  or  water-bath  at  40°  C.  for  one-half  hour,  carefully  noting  any 
changes  which  occur.'  Now  combine  the  contents  of  tubes  (a)  and 
(6)  and  see  if  any  further  change  occurs  after  standing  at  40°  C.  for 
15-20  minutes.  E.\plain  the  result.s  obtained  from  these  five  experi- 
ments.    ^'  '-         ;        ■      '         '    '■..- 

^  Influence  of  Different  Temperatures. — In  each  of  four  test- 
tubes  place  5  c.c.  of  pepsin-hydrochloric  acid  solution.  Immerse  one 
tube  in  cold  water  from  the  faucet,  keep  a  second  tube  at  room  tem- 
perature and  place  a  third  in  the  incubator  or  water-bath  at  40°  C.  Boil 
the  contents  of  the  fourth  tube  for  a  few  moments,  then  cool  and  also 
keep  it  at  40°  C.  Into  each  tube  introduce  a  small  piece  of  fibrin  and 
note  the  progress  of  digestion.  In  which  tube  does  the  most  rapid 
digestion  occur?     E.tplain  this. 

j_.  The  Most  Favorable  Acidity. — Prepare  three  tubes  as  follows: 
'|j^^^-   (a)  Five  c.c.  of  0.2  per  cent  pepsin-hydrochloric  acid  solution. 
rA-»    ,'.  r  W  Two  or  three  c.c.  of  0.2  per  cent  hydrochloric  acid  +  i  c.c.  of 

■    concentrated  hydrochloric  acid  -|-  j  c.c.  pepsin  solution. 
•"  IL*,.^  jc]  One  C.C.  of  0.2  per  cent  pepsin-hydrochloric  acid  solution  +  5  c.c. 
of  water. 

Introduce  a  small  piece  of  fibrin  into  each  tube,  keep  them  at  40° 
C,  and  note  the  progress  of  digestion.  In  which  degree  of  acidity 
does  the  fibrin  digest  the  most  rapidly? 

^  Differentiation  Between  Pepsin  and  Pepsinogen. — Prepare 
five  tubes  as  follows: 

(a)  Few  drops  of  glycerol  extract  of  pepsinogen  -|-  2-3  c.c.  of  water. 

^  Few  drops  of  glycerol  extract  of  pepsinogen  +  5  c.c.  of  o.a  per 
cent  hydrochloric  acid. 

*  DigestioD  of  fibrin  in  a  pepsin 'hydrochloric  acid  solution  is  indicated  first  by  a  sttttUng 

'lb  protein  due  to  the  action  of  the  add,  and  later  by  a  disinlfgrolion  and  dLsohing  of 

"irin  due  to  the  action  of  ihe  pepsin-hydrochloric  add.     If  uncertain  at  any  lime 

7  digestion  has  taken  place,  the  solution  under  examination  may  be  filtered  and  the 

it  applied  to  the  filtrate.     A  positive  reaction  will  signify  Uie  presence  of  acid 

an  (add  albuminate),  proteoses  (albumoses),  or  peptones,  the  presence  of  any 

if  which  would  indicate  that  digestion  has  taken  place. 
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(c)  Few  drops  of  glycerol  extract  of  pepsinogen  +  $  c.c.  of  0.5  per  , 
cent  sodium  carbonate, 

(d^  Two  or  three  c.c.  of  pepsin  solution  +  2-3  c.c.  of  i  per  cent 
sodium  carbonate.        it^Avl-    it-t->        ,       - 

(c)  Few  drops  of  glycerol  extract  of  pepsinogen  +  5  c.c.  of  i  per  I 
cenTsodium  carbonate. 

Add  a  small  piece  of  fibrin  to  the  contents  of  each  tube,  keep  the  ' 
five  tubes  at  40*'  C.  for  one-half  hour  and  observe  any  changes  which 
may  have  occurred.  To  (a)  add  an  equal  volume  of  0.4  per  cent  hydro- 
chloric acid,  neutralize  (c),  (d)  and  (c)  with  hydrochloric  acid  and  add 
an  equal  volume  of  0.4  per  cent  hydrochloric  acid.  Place  these  lubes 
at  40°  C.  again  and  note  any  further  changes  which  may  occur.  What 
contrast  do  we  find  in  the  results  from  the  last  three  tubes?  Why  is 
this  so? 

^Comparative  Digestive  Power  of  Pepsin  with  Different  Acids. —  ' 
Prepare  a  series  of  tubes  each  containing  one  of  the  following  acids: 
0.5  per  cent  acetic,  lactic,  oxalic,  salicylic,  tashic^  and  butyric,  and  0.2 
^  per  cent  hvdrochlog'c.  sulphuric,  nitric,  arsenious,  and  combined  hydro:- 
chlojic.  To  each  acid  add  a  few  drops  of  the  glycerol  extract  of  pig's 
stomach  and  a  small  piece  of  fibrin.  Shake  well,  place  at  40°  C,  and  note 
the  progress  of  digestion.  In  which  tubes  does  the  most  rapid  digestion 
occur? 

6.  Influence  of  Metallic  Salts,  etc.— Prepare  a  series  of  tubes  and 
into  each  tube  introduce  4  c.c.  of  pepsin-hydrochloric  add  solution 
and  1/2  c.c.  of  one  of  the  chemicals  listed  in  Experiment  18  under  Sali- 
vary Digestion,  page  66.  Introduce  a  small  piece  of  fihrin  into  each 
of  the  tubes  and  keep  them  at  40°  C.  for  one-half  hour.  Note  the 
variations  in  the  progress  of  digestion.  Where  has  the  least  rapid  diges- 
tion occurred? 

7.  Sahli's  Desmoid  Reaction.^ — This  is  a  method  for  testing  gastric 
function  without  using  the  stomach  tube.  The  underKing  principle 
of  the  test  is  the  fact  that  raw  catgut  may  be  digested  in  gastric  juice 
but  is  entirely  inthgestible  in  pancreatic  juice.  The  test  is  made  as 
follows:  A  methylcne-blue  pill  is  introduced  into  a  small  rubber  bag 
and  the  mouth  of  the  bag  subsequently  tied  with  catgut.'  The  small 
bag  is  then  ingested  immediately  after  the  mid-day  meal  and  the  urine 
examined  5,  7,  q  and  iS-20  hours  later  for  methylene  blue.     If  methylene 

'  About  0.05  gram  of  methylene  blue  is  mixed  with  sufficient  ext.  gtycyrrhita  to  form 
a  pill  about  3-4  mm.  in  diameter.  The  pill  is  then  placed  in  the  center  0/  a  square  piece  ot 
thin  rubber  dam  and  a  little  bag-tike  receptacle  constructed  by  a  twisting  movement  '"''  ~ 
neck  of  the  bag  is  then  closed  by  wrapping  three  turns  of  catgut  about  it.     The  mo; 

factory  catgut  to  ase  in  number  00  rav  caigvl  which  has  previously  been  soaked  il.     

until  soft.     Whtn  ready  for  use  the  bag  should  sink  insta,ntly  when  placed  in  water  and    \ 
be  water-tight. 
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blue  is  present  in  appreciable  quantity,  it  will  impart  to  the  urine  a 
greenish-blue  color.  If  not  present  in  sufficient  amount  to  impart  this 
color  the  urine  should  be  boiled  with  i/j  its  volume  of  glacial  acetic 
acid,  whereupon  a  greenish-blue  color  results  if  the  chromogen  of  methy- 
lene blue  is  present.  This  contingency  seldom  arises,  however,  inasmuch 
as  in  most  cases  of  uncolored  urine  it  will  be  found  that  the  rubber  bag 
has  passed  through  the  stomach  unopened.  If  the  methylene  blue  is 
found  in  the  urine  inside  of  iS-20  hours  a  satisfactory  gastric  function 
is  indicated. 

For  Einhom's  bead  method  for  the  study  of  digestive  function,  see 
chapter  on  Feces, 

8.  Testing  the  Motor  and  Functional  Activities  of  the  Stomach.^ 
This  test  is  performed  the  same  as  Experiment  19  under  Salivary  Diges- 
tion, page  67.  If  the  experiment  was  carried  out  under  salivary  digestion 
it  will  not  be  necessary  to  repeat  it  here. 

9.  Influence  of  Bile.— Prepare  five  tubes  as  follows: 

*•  ''    (a)  Five  c.c.  of  pepsin- hydrochloric  acid  ■solutiou  +   1/2- 
_biler- 

-  *  (b)   Five  c.c.   of  pepsin-hydrochloric 
bile.*^ 

(^   Five  c.c.  of  pepsin-hydrochloric  a 
'       (d)  Five  c.c.  of  pepsin-hydrochloric  acid  solution  +  s  c-c  of  bile, 
;      (e)   Five  c.c.  of  pepsin-hydrochloric  add  solution. 

Introduce  into  each  tube  a  small  piece  of  fibrin.  Keep  the  tubes 
at  40°  C.  and  note  the  progress  of  digestion.  Does  the  bile  exert  any 
appreciable  influence?     How? 

10  Influence  of  Gastric  Rennin  on  Milk.- — Prepare  a  series  of  five 
tubes  as  follows; 

(a)  Five  c.c,  of  fresh  milk  +  0.2  per  cent  hydrochloric  acid  (add 
slomy  unUl  precipitate  forms). 

IMX  Five  c.c.  of  fresh  milk  +  5  drops  of  rennin  solution. 

Ic)  Five  c.c.  of  fresh  milk  -f  10  drops  of  0.5  per  cent  sodium  car- 
bonate solution. 

(d)  Five  c.c.  of  fresh  milk  +  10  drops  of  a  saturated  solution  of 
amrnonium  oxalate. 

it^  FivEj;.c.  of  fresh  milk  +■  5  drops  of  0.2  per  cent  hydrochloric  acid. 
Now  to  each  of  the  tubes  (c),  (d),  and  (c)  add  5  drops  of  rennin  solution. 
Place  the  whole  series  of  five  tubes  at  40°  C.  and  after  10-15  minutes 
note  what  is  occurring  in  the  different  tubes.  Give  a  reason  for  each 
particular  result. 

II.  Tests  for  Lactic  Acid.— (o)   Ujffelmann's  Reaction. 


cid  soluUon  +  2-3  c.c.  of  bile. 


small  I 

,  Google 


X 


GASTRIC   DIGESTION  137 

quantity  of  Uffelmann's  reagent'  in  a  test-tube  add  a  few  drops 
of  a  lactic  acid  solution.  The  amethyst-blue  color  of  the  reagent  is 
displaced  by  a  straw  yellow.  Other  organic  acids  give  a  similar  reaction. 
Mineral  acids  such  as  hydrochloric  acid  discharge  the  blue  coloration 
leaving  a  colorless  solution.  In  other  words,  the  color  of  the  reagent 
is  weakened  in  the  presence  of  an  acid  reaction.        % 

(b)  Ferric  Chloride  Test. — Place  lo  c.c.  of  very  dilute  ferric  chloride 
in  each  of  five  tubes.  To  the  first  add  2  c.c.  of  0.2  per  cent  hydro- 
chloric acid,  to  the  second  2  c.c.  of  10  per  cent  alcohol,  to  the  third 
2  c.c.  of  2  per  cent  sucrose,  to  the  fourth  2  c.c.  of  lactic  acid  and  to  the 
fifth  2  c.c.  of  peptone  solution. 

It  is  evident  from  the  results  obtained  that  neither  of  the  tests  given 
above  is  satisfactory  for  the  detection  of  lactic  acid  in  the  presenceof 
other  substances  such  as  we  find  in  the  gastric  contei^. 

A  satisfactory  deduction  regarding  the  presence  of  lactic  acid  can 
only  be  made  after  extracting  the  gastric  contents  with  ether,  evaporat- 
ing the  ether  extract  to  dryness,  antf  dissolving  the  residue  in  water. 
This  residue  will  not  contain  any  of  the  contaminations  which  interfere 
with  the  simple  tests  as  tried  above,  and  therefore  if  ether  of  the  tests 
is  now  tried  on  the  dissolved  residue  of  the  ether  extract  we  may  form 
an  accurate  conclusion  regarding  the  presence  of  lactic  acid. 

(c)  Hapkin's  Thiopkene  Reaction.— PIslCc  about  5  c.c.  of  concen- 
trated sulphuric  acid  in  a  test-tube  and  add  one  drop  of  a  saturated  solu- 
tion of  copper  sulphate.^  Introduce  a  few  drops  of  the  solution  to  be 
tested,  shake  the  tube  well,  and  immerse  it  in  the  boiling  water  of  a 
beaker-water-bath  for  one  or  two  minutes.  Now  remove  the  tube,  cool 
it  under  running  water,  add  2-3  drops  of  a  dilute  alcoholic  solution*  of 
thiophene,  CJIjS,  from  a  pipette,  replace  the  tube  in  the  beaker  and 
carefully  observe  any  color  change  which  may  occur.  Lactic  acid  is 
indicated  by  the  appearance  of  a  bright  cherry-red  color  which  forms 
rapidly.  This  color  may  be  made  more  or  less  permanent  by  cooling 
the  tube  as  soon  as  the  color  is  produced.  Excess  of  thiophene  produces 
a  deep  yellow  or  brown  color  with  sulphuric  acid.  The  test  is  not 
wholly  specific  though  the  author  claims  it  to  be  more  so  than  Uffelmann's 
reaction. 

12.  QualttatiTe  Analysis  of  Stomach  Contents.— Take  100  c.c. 
of  stomach  contents  and  analyze  it  according  to  the  following  scheme; 

'  Uffelmann's  rcaecnt  is  prepared  by  adding  ferric  chloride  solution  to  a  i  per  cent 
solution  of  carbloic  aciii  until  an  amethyst- blue  color  is  obtained,  due  to  the  formation  oE  a 
ferric  salt  of  carbolic  acid. 

•  This  is  added  to  catalyze  the  oxidation  which  follows. 

'  .About  iCfiQ  drops  in  loo  c.c.  of  95  pet  cent  alcohol. 
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St^^ch  Contents. 
Filter  and  test  the  filtrate  for  free  hydrochloric  add. 


Discard  after  making  a  microscopical  e: 


Filtrate  II, 
One- fifth  portion. 
Test  (or: 

(0)  Pepsin. 

(ft)  Bile  (see  pa 

(c)  Starch.   /V-*   i. 

(d)  Dextrin, 


?■>■  V^ 


I 

Filtrate  III. 

Four-fifths  portion. 

Neutralise  carefully;  any  precipitate  is  add  meta- 

Srotein  (add  albuminate).  If  a  predpitate 
)rin£  filter  and  divide  the  filtrate  into  tico  parts. 
If  no  predpitate  forms  divide  the  solution  into 
two  parts  without  filtering. 


FUtrate  IV. 
T  wo-  thirt^joc  tion . 
Heat  to  boiling  to  rSove  coagulable 
proteins.     If   any   predpitate   forms 
filter  it  off;  if  there  is  no  precipitate 
proceed  directly  with  the  tests. 

Test  for:  « 

(o)  Sugar.     (Differentiate  between  the 
sugars  by  the  use  of  the   scheme  o 
58.) 
(ft)  Proteoses. 
ic)  Peptones. 


Test  for: 

(a)  Lactic  add. 
(ft)  Gastric  rennin. 
(c)  Salivary  amylase. 
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CHAPTER  VII. 

FATS. 

Fats  occur  very  widely  distributed  in  the  plant  and  animal  kingdoms, 
and  constitute  the  third  general  class  of  food  stuffs.  In  plant  organisms 
they  are  to  be  found  in  the  seeds,  roots,  and  fruit  while  each  individual 
tissue  and  organ  of  an  animal  organism  contains  more  or  less  of  the 
substance.  In  the  animal  organism  fats  are  especially  abundant  in  the 
bonejmarrow  and  adipose  tissue.  They  contain  the  same  elements  as 
the  carbohydrates,  /.  e..  carbon,  hydrogen,  and  oxygen,  but  the  oxygen 
is  present  in  smaller  percentage  than  in  the  carbohydrates  and  the  hy- 
drogen and  oxygen  are  not  present  in  the  proportion  to  form  water. 


Fig.  36,— Beet  Fat.    i/,01 


Chemically  considered  the  fats  are  esters'  of  the  tri-atomic  alcohol, 
glycerol,  and  the  mono-basic  fatty  acids.  In  the  formation  of  these 
fats  three  molecules  of  water  result.  This  water  may  arise  in  either 
of  two  ways.  First,  by  the  replacement  of  the  H  of  each  of  the  OH 
groups  of  glycerol  by  a  fatty  acid  radical,  giving  the  following  formula 
in  which  R.  R'  and  R"  represent  fatty  acid  radicals, 

CH.OR 

I 

CHOR' 


CHiOR" 

ic  of  whose  acid  hydrogens  1: 


rc]>la(.ed  by  an  organic  radical. 
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Second,  by  the  replacement  of  the  H's  of  the  carboxyl  groups  of  the 
three  fatty  acid  molecules  by  the  glycerol  radical,  thus  yielding  the 
following  type  of  formula  in  which  R  represents  the  glycerol  radical, 

OOCHsiCs 
/ 
R— OOCHjiCis 
\ 

OOCHnCs 

Of  these  two  processes  the  second  is  the  more  It^cal  procedure  from 
the  standpoint  of  the  ionic  theory.  The  three  fatty  acid  radicals  entering 
into  the  structure  of  a  neutral  fat  may  be  the  radicals  of  the  same  fatty 
acid  or  they  may  consist  of  the  radicals  of  three  different  fatty  acids. 

By  hydrolysis  of  a  neutral  fat,  i.  e.,  by  the  addition  to  the  molecule  of 
those  elements  which  are  eliminated  in  the  formation  of  the  fat  from 
glycerol  and  fatty  acid,  it  may  be  resolved  into  its  component  parts,  i.  e., 
glycerol  and  fatty  acid.  In  the  case  of  palmitin  the  following  would 
)e  the  reaction: 

C,Hi(0-CuH„CO)a +3HjO— CjHbCOH)  3+3  (C ,  .H, ,  COOH) . 

Palmilin.  Glycerol.  Pilmilic  acid. 

This  process  is  called  saponification  and  may  be  produced  by  boiling 
with  alkalis;  by  the  action  of  steam  under  pressure;  by  long-conti  med 
contact  with  air  and  light;  by  the  action  of  certain  bacteria  and  by  fat- 
splitting  enzymes  or  lipases,  e.  g.,  pancrtatic  lipase  (see  page  151).  The 
cells  forming  the  walls  of  the  intestines  evidently  possess  the  peculiar 
property  of  synthesizing  the  glycerol  and  fatty  acid  thus  formed  so  that 
after  absorption  these  bodies  appear  in  the  blood  not  in  their  individual 
form  but  as  neutral  fats.  This  synthesis  is  similar  to  that  enacted  in 
the  absorption  of  protein  material  where  the  peptones  are  synthesized 
into  albumin  in  the  act  of  absorption. 

The  principal  animal  fats  with  which  we  have  to  deal  are  stearin,  palm- 
itin, olein,  and  butyrin.  Such  less  important  forms  as  laurin  and  myristin 
may  occur  abundantly  in  plant  organisms.  The  older  system  of  nomen- 
clature for  these  fats  was  to  apply  the  prefix  "tri"  in  each  case  {e.  g.,  tri- 
pahnitin)  since  there  fatty  acid  radicals  are  contained  in  the  neutral 
fat  molecule. 

Fats  occur  ordinarily  as  mixtures  of  several  individual  fats.  For 
example,  the  fat  found  in  animal  tissues  is  a  mixture  of  olein,  palmitin 
and  stearin,  the  percentage  of  any  one  of  these  fats  present  depending 
upon  the  particular  species  of  animal  from  whose  tissue  the  fat  was 
derived.  Thus  the  ordinary  mutton  fat  contains  more  stearin  and  less 
olein  than  the  pork  fat.    Human  fat  contains  from  67  per  cent  to  85  per 
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cent  of  olein  and  according  to  Benedict  and  Osterberg.  upon  analysis 
yields  76.08  per  cent  of  carbon  and  11.78  per  cent  of  hydrogen.  Butter 
consists  in  large  part  of  olein  and  palmitin.  Stearin,  butyrin,  caproin 
and  traces  of  other  fats  are  also  present. 

Pure  neutral  fats  are  odorless,  tasteless,  and  generally  colorless. 
They  are  insoluble  in  the  ordinary  protein  solvents  such  as  water,  salt 
solutions,  and  dilute  acids  and  alkalis,  but  are  very  readily  soluble  in  ether, 
benzene,  chloroform,  and  boiling  alcohol.  The  neutral  fats  are  non- 
volatile substances  possessing  a  neutral  reaction.  If  allowed  to  remain 
in  contact  with  the  air  for  a  sufficient  length  of  time  they  bicome  )eilow 
in  color,  assume  an  acid  reaction  and  are  said  to  be  rancid.  The  neutral 
fats  may  be  crystallized,  some  of  them  with  great  facility.  The  cr\'stalline 
forms  of  some  of  the  more  common  fats  are  reproduced  in  Figs.  36,  37 
and  38  on  pages  139. 142  and  144.  Each  individual  fat  possesses  a  specific 
melting-  or  boiling-point  (according  to  whether  the  body  is  solid  or  fluid  in 
character)  and  this  property  of  melting  or  boiling  at  a  definite  temperature 
may  be  used  as  a  means  of  differentiation  in  the  same  way  as  the  coag- 
ulation temperature  (see  page  117)  is  used  for  the  differentiation  of  coag- 
ulable  proteins.  When  shaken  with  water,  or  a  solution  of  albumin, 
soap,  or  acacia,  the  liquid  fats  are  finely  divided  and  assume  a  condition 
known  as  an  emulsion.  The  emulsion  with  water  is  transitory,  while  the 
emulsions  with  soap,  acacia,  or  albumin,  are  permanent. 

The  fat  ingested  continues  essentially  unaltered  until  it  reaches  the  in- 
testine where  it  is  acted  upon  by  pancreatic  lipase  (steapsin)  the  fat-split- 
ting enzyme  of  the  pancreatic  juice  (see  page  151),  and  glycerol  and  fatty 
acid  are  formed  from  a  large  portion  of  the  fat.  Part  of  the  fatty  acid 
thus  formed  is  dissolved  in  the  bile  and  absorbed  while  the  remainder 
unites  with  the  alkalis  of  the  pancreatic  juice  and  forms  soluble  soaps. 
These  soaps  may  further  act  to  produce  an  emulsion  of  the  remaining 
fat  and  thus  aid  in  its  absorption.  That  bile  is  of  assistance  in  the  absorp- 
tion of  fat  is  indicated  by  the  increase  of  fat  in  the  feces  when  for  any 
reason  bile  docs  not  pass  into  the  intestine.  That  fat  is  not  absorbed 
unsplit  in  the  form  of  an  emulsion  has  recently  been  redemonstrated  by 
Whitehead'  in  a  histological  study  of  the  absorption  in  the  cat's  intestine 
of  fat  stained  with  Sudan  III.  Whitehead  considers  that  fat  was  not 
absorbed  unsplit  because  no  dye  was  found  in  the  lacteah.  Mendel' 
has  pointed  out  that  Sudan  III  is  soluble  in  fatty  acids  as  well  as  fats, 
and  therefore  its  presence  in  the  lactcals  furnishes  no  evidence  "for  or 
against  the  possibility  of  the  absorption  of  fats  prior  to  their  digestion." 
The  failure  to  find  Sudan  III  in  the  lacteals  may  have  been  due  to  the 

'Whitehead;  American  Journal  of  Physiology,  24,  ;q4,  n)oy. 
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fact   that  in  postmortem   examinations   these   vessels   are  often    found 
collapsed  and  empty. 

The  fat  distributed  throughout  the  animal  body  is  formed  partly 
from  the  ingested  fal  and  partly  from  carbohydrates  and  the  "carbon 
moiety"  of  protein  material.  The  formation  of  adipocere  and  the 
occurrence  of  fatty  degetieraliott  are  sometimes  given  as  proofs  of  the 
formation  of  fat  from  protein.  This  is  questioned  by  many  investigators. 
Rather  more  satisfactory  and  direct  proof  of  the  formation  of  fat  from 
protein  material  has  been  obtained  by  Hofmann  in  experimentation 


FlC.  J7.^MoTTOM   F; 


1  Hy-maggots.  The  normal  content  of  fat  in  a  number  of  maggots 
was  determined  and  later  the  fat  content  of  others  which  had  developed  in 
blood  (84  per  cent  of  the  solid  matter  of  blood  plasma  is  protein  material) 
was  determined.  The  fat  content  was  found  to  have  increased  700  to 
iioo  per  cent  as  a  result  of  the  diet  of  blood  proteins.  The  celebrated 
experiments  of  Pcttenkofer  and  Voit,  however,  have  furnished  what  is, 
perhaps,  the  most  substantial  positive  evidence  of  the  formation  of 
fat  from  protein.  These  investigators  fed  dogs  large  amounts  jf  lean 
meat,  daily,  and  through  subsequent  urinary  and  fecal  examinations 
were  enabled  to  account  for  only  pari  of  the  ingesttd  carbon,  although 
obtaining  a  satisfactory  nitrogen  balance.  The  discrepancy  in  the  carbon 
balance  was  explained  upon  the  theory  that  the  protein  of  the  ingested 
meat  had  been  spUt  into  a  nitrogenous  and  a  non-nitrogenous  portion  in 
the  organism,  and  that  the  non-nitrogenous  portion,  the  so-called  "carbon 
moiety"  of  the  protein,  had  been  subsequently  transformed  into  fat  and 
deposited  as  such  in  the  tissues  of  the  organism.  Some  investigators  are 
not  inclined  to  accept  these  data  regarding  the  formation  of  fat  from 
protein  as  conclusive. 


143 

Later  evidence  in  favor  of  the  formation  of  fat  from  protein  has 
been  furnished  by  the  experiments  of  Weinland.  This  investigator 
worked  with  the  larvie  of  Calliphora,^  these  larvie  being  rubbed  up 
in  a  mortar^  with  Witte's  peptone  and  water  to  form  a  homogeneous 
mixture.  After  placing  these  mktures  at  38°  C.  for  24  hours  the  fat 
content  was  found  to  have  increased,  as  much  as  140  per  cent  in  some 
instances.  The  active  agency  in  this  transformation  of  fat  is  the  larval 
tissue  since  the  tissues  of  both  the  dead  and  living  larvae  possess  the 
property.  Data  are  given  from  control  tests  which  show  that  the  action 
of  bacteria  in  this  transformation  of  protein  was  excluded. 

Experiments  on  Fat.s. 

r.  Solubility. — Test  the  solubility  of  olive  (wl  in  each  of  the  ordi- 
nary solvents  (sec  page  27)  and  in  cold  alcohol,  hot  alcohol,  chloroform, 
ether,  and  carbon  tetrachloride, 

2^  Formation  of  a  Transparent  Spot  on  Paper. — Place  a  drop  of 
olive  oil  upon  a  piece  of  ordinary  writing  paper.  Note  the  transparent 
appearance  of  the  paper  at  the  point  of  contact  with  the  fat. 

3.  Reaction. — Trj  the  reaction  oi  fresh  oUve  oil  to  litmus,  congo  red 
and  phenolphthalein.  Repeat  the  test  with  rancid  oHve  oil.  What  is 
the  reaction  of  a  fresh  fat  and  how  does  this  reaction  change  upon 
allowing  the  fat  to  stand  for  some  time? 

4.  Fonnation  of  Acrolein. — To  a  little  olive  oil  in  a  mortar  add 
some  dry  potassium  bisulphate,  KHSO*,  and  rub  up  thoroughly.  Trans- 
fer to  a  dry  test-tube  and  cautiously  heat.  Note  the  irritating  odor  of 
acrolein.  The  glycerol  of  the  fat  has  been  dehydrolyzed  and  acrylic 
aldehyde  or  acrolein  has  been  produced.  This  is  the  reaction  which 
takes  place: 

CHa-OH    CHO 
I  I 

CHOH  -  CH-|-2HiO. 


CHj-OH    CH, 


'.  Emulsification.— (u)  Shake  up  a  drop  of  ncutraP  oUve  oil  with 
a  little  water  in  a  test-tube.  The  fat  becomes  finely  divided,  forming 
an  emulsion.  This  is  not  a  permanent  emulsion  since  the  fat  separates 
and  rises  to  the  top  upon  standing. 


'  The  ordinary  "blow-fly," 

'  Intact  larvie  were  used  in  some  expt 

•  Neutral  olive  oil  may  he  prepared  by  shaking  ordinary  olive  oil  with 
solution  of  sodium  carbonate.     This  mixture  should  then  be  extracted  with  ether  and  the 
ether  removed  by  evaporation.     The  residue  is  neutral  ohve  oil, 


C^^^e 
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(^  To  s  c.c.  of  waUT  to  a  test-tube  add  z  or  3  drops  of  0.5  per  cent 
Xa«CO>.  Introduce  into  this  tainth-  alkaline  solution  a  drop  of  aenimi 
olive  oil  and  shake.  The  emuUitHi  while  not  permanent  is  not  so  transi- 
tory  as  in  the  caK  of  water  free  from  sodium  carbonate. 

(c)  Repeat  (b)  usinf;  rancid  olive  oil.  What  sort  of  an  emulsion 
do  you  get  atirl  why? 

(d)  Shake  a  drop  of  neutral  olive  oil  with  dilute  albumin  solution 
What  is  the  nature  of  this  emulaon?     Examine  it  under  the  microscope. 

JlJ^Pat  Crystals.-  Dissolve  a  lanall  piece  of  lard  in  ether  in  a  test- 
tu)>e,  add  an  equal  volume  of  alcohol  and  allow  the  aloAol-ether  mixture 


Pin.  j8.  — PoKK  F 


l(j  fvajMjrate  s[K>ntaneous1y.  Examine  the  crystals  under  the  microscope 
and  compare  thrm  with  those  reproduced  in  Figs.  36.  37  and  3S,  on  pages 
\q.  142  illld   14.1. 

^  Saponification  of  Baybeiry  Tallow.'— Fill  a  large  casserole 
iwo-lhirds  full  of  water  rendered  strongly  alkaline  with  solid  potassium 
hydroxide  (a  stick  one  inch  in  length).  Add  about  10  grams  of  bay- 
Ijcrry  tallow  and  boil,  keeping  the  volume  constant  by  adding  water  as 
needed.  When  saponification  is  complete"  remove  25  c.c.  of  the  soap 
solution  for  use  in  Experiment  8  and  add  concentrated  hydrochloric 
acid  slowly  to  the  remainder  until  no  further  precipitate  is  produced.^ 
Cool  the  solution  and  the  precipitate  of  free  fatty  acid  will  rise  to  the  sur- 
face and  form  a  cake.     In  this  instance  the  fatty  acid  is  principally  pal- 

'  Bavbcrry  tallow  is  dcrivtd  from  the  laity  covering  of  the  berries  of  the  a'oi  myrlle.  It 
l«  iherclorc  frequently  vullctl  "myrlle  wiijc"  or  "bayborry  wax," 

'  I'latc  i  (ir  3  tlrojw  in  a  leal-lube  full  of  water.  H  saponificfttiotJ  is  complete  Ihe  prod- 
uct* will  rcmuin  in  Kolution  nnd  no  oil  will  separate. 

•  Under  »omc  wmditicna  n  jmrcr  pniduLt  is  obtained  it  the  soap  soluticin  is  cooled   before 
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milic  acid.  Remove  the  cakej  break  it  into  small  pieces,  wash  it  with 
water  by  decantation  and  transfer  to  a  small  beaker  by  means  of  95  per 
cent  alcohol.  Heat  on  a  water-bath  until  the  palmitic  acid  is  dissolved, 
then  filter  through  a  dry  filter  paper  and  allow  the  filtrate  to  cool  slowly  in 
order  to  obtain  satisfactory  crystals.  Write  the  reactions  which  have 
taken  place  in  this  experiment. 

When  the  palmitic  acid  has  completely  crystallized  filter  off  the 
alcohol,  dry  the  crystals  between  the  filter  papers  and  try  the  tests 
given  in  Experiment  9,  below. 


_ 8.. Salting-out  Experiments. — To  25  c.c.  of  soap  solution,  pre- 
pared as  described  above,  add  solid  sodium  chloride  to  the  point  of 
saturation,  with  continual  stirring.  A  menstruum  is  thus  formed  in 
which  the  soap  is  insoluble.  This  saiting-out  process  is  entirely  anal- 
ogous to  the  salting-out  of  proteins  (see  page  106). 

9.  Palmitic  Acid. — (a)  Examine  the  crystals  under  the  microscope 
and  compare  them  with  those  shown  in  Fig.  39,  above. 

(b)  Solubility. — Try  the  solubility  of  palmitic  acid  in  the  same  sol- 
vents as  used  on  fats  (see  page  143). 

(c)  Melling-point. — Determine  the  melting-i>oint  of  palmitic  acid 
by  one  of  the  methods  given  on  page  146. 

(d)  Formation  of  Transparent  Spot  on  Paper. — Melt  a  little  of  the  fatty 
add~and  allow  a  drop  to  fall  upon  a  piece  of  ordinary  writing  paper. 
How  does  this  compare  with  the  action  of  a  fat  under  similar  circum- 
stances? 

(e)  Acrolein  Test. — Apply  the  tost  as  given  under  4,  page  143.' 
Ex^ain  the  result. 
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lo.  Saponification  of  Lard.— To  25  grams  of  lard  in  a  flask  add 
75  c.c.  of  alcoholic-potash  solution  and  warm  upon  a  water-bath  until 
saponification  is  complete.  (This  point  is  indicated  by  the  complete 
solubility  of  a  drop  of  the  solution  when  allowed  to  fall  into  a  little  water.) 
Now  transfer  the  solution  from  the  flask  to  an  evaporating  dish  con- 
taining about  100  c.c.  of  water  and  heat  on  a  water-bath  until  all  the 
alcohol  has  been  driven  off.  Precipitate 
the  fatty  acid  with  hydrochloric  acid  and 
cool  the  solution.  Remove  the  fatty  add 
which  rises  to  the  surface,  neutrahze  the 
solution  with  sodium  carbonate  and  evap- 
orate to  dr>'ness.  Extract  the  residue  with 
alcohol,  remove  the  alcohol  by  evaporation 
upon  a  water-bath  and  on  the  residue  of 
glycerol  thus  obtained  make  the  tests  as 
given  below. 

li  Glycerol,     (a)  Taste— Wh^t  is  the 
taste  of  glycerol? 

(fc)  Solubility. — Try    the    solubility    of 
glycerol  in  water,  alcohol  and  ether. 

(t)  Acrolein  Test. — Repeat  the  test  as 
given  under  4,  page  143. 

(d)  Borax  Fusion  Test. — Fuse  a  little 
glycerol  on  a  platinum  wire  with  some 
powdered  borax  and  note  the  character- 
istic green  flame.  This  color  is  due  to  the 
glycerol  ester  of  boric  acid. 
--/"^  ^'' """">''^"^SByW  {eVJ'eMing's  Test. — How  does  this  re- 

//  ^^   >     suit  compare  with  the  results  on  the  sugars? 

'^  *  {^  Solution  oj  Cu{OH);.     Form  a  litUe 

Fig.  4o.^Meltdjg.Point        cupric  hydroxide  by  mixing  copper  sulphate 
and   potassium   hydroxide.     Add   a   little 
glycerol  to  this  suspended  precipitate  and  note  what  occurs. 

12.  Melting-Point  of  fat  First  Method. — Insert  one  of  the  melt- 
ing-point tubes,  furnished  by  the  instructor,  into  the  hquid  fat  and  draw 
up  the  fat  until  the  bulb  of  the  tube  is  about  one-half  full  of  the  material. 
Then  fuse  one  end  of  the  tube  in  the  flame  of  a  bunsen  burner  and  fas- 
ten the  tube  to  a  thermometer  by  means  of  a  rubber  band  in  such  a  manner 
that  the  bottom  of  the  fat  column  is  on  a  level  with  the  bulb  of  the  ther- 
mometer (Fig.  40,  above).  Fill  a  beaker  uf  medium  size  about  two- 
thirds  full  of  water  and  place  it  within  a  second  larger  beaker  which 
also  contains  water,  the  two  vessels  being  separated  by  pieces  of  cork. 
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Immerse  the  bulb  of  the  thermometer  and  the  attached  tube  in  such  a 
way  that  the  bulb  is  about  midway  between  the  upper  and  the  lower 
surfaces  of  the  water  of  the  inner  beaker.  The  upper  end  of  the  tube 
being  open  it  must  extend  above  the  surface  of  the  surrounding  water. 
Apply  gentle  heat,  stir  the  water,  and  note  the  temperature  at  which 
the  fat  first  begins  to  melt.  This  point  is  indicated  by  the  initial  trans- 
parency. For  ordinary  fats,  raise  the  temperature  very  cautiously 
from  30"  C.  To  detennine  the  congealing-point  remove  the  flame  and 
note  the  temperature  at  which  the  fat  begins  to  solidify.  Record  the 
melting-  and  congealing-points  of  the  various  fats  submitted  by  the 
instructor. 

Second  Method. — Fill  a  small  evaporating  dish  about  one-half  full 
of  mercury  and  place  it  on  a  water-bath.  Put  a  small  drop  of  the  fat 
under  examination  on  an  ordinary  cover  glass  and  place  this  upon  the 
surface  of  the  mercury.  Raise  the  temperature  of  the  water-bath  slowly 
and  by  means  of  a  thermometer  whose  bulb  is  immersed  in  the  mercury, 
note  the  melting-point  of  the  fat.  Determine  the  congealing-point  by 
removing  the  flame  and  leaving  the  fat  drop  and  coverglass  in  position 
upon  the  mercury.  How  do  the  melting-points  as  determined  by  this 
method  compare  with  those  as  determined  by  the  first  method?  Which 
method  is  the  more  accurate,  and  why? 
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CHAPTER  VIII. 
PANCREATIC  DIGESTION. 

As  soon  as  the  food  mixture  leaves  the  stomach  it  comes  into  inti- 
mate contact  with  the  biie  and  the  pancreatic  juice.  Since  these  fluids 
are  alkaline  in  reaction  there  can  obviously  be  no  further  peptic  activity 
after  they  have  become  intimately  mixed  with  the  chyme  and  have 
neutralized  the  acidity  previously  imparted  to  it  by  the  hydrochloric 
add  of  the  gastric  juice.  The  pancreatic  juice  reaches  the  intestine 
through  the  duct  of  Wirsung  which  opens  into  the  intestine  near  the 
pylorus. 

Normally  the  secretion  of  pancreatic  juice  is  brought  about  by  the 
stimulation  produced  by  the  acid  chyme  as  it  enters  the  duodenum. 
Therefore,  any  factor  which  produces  an  increased  flow  of  gastric  juice 
such,  for  example,  as  water'  will  cause  a  stimulation  of  the  pancreatic 
secretion.  The  secretion  of  pancreatic  juice  is  probably  not  due  to  a  nerv- 
ous reflex  as  was  believed  by  Pawlow  but  rather,  as  Bayliss  and  Starling 
have  shown,  is  dependent  upon  the  presence,  in  the  epithelial  cells  of 
the  duodenum  and  jejunum  of  a  body  known  as  prosecretin.  This  body 
is  changed  into  secretin  through  the  hydrolytic  action  of  the  acid  present 
in  the  chjTne.  The  secretin  is  then  absorbed  by  the  biood,  passes  to  the 
pancreas  and  stimulates  the  pancreatic  cells,  causing  a  flow  of  pancreatic 
juice.  The  quantity  of  juice  secreted  under  these  conditions  is  propor- 
tional to  the  amount  of  secretin  present.  The  activity  of  secretin  solu- 
tions is  not  diminished  by  boiling,  hence  the  body  does  not  react  like  an 
enzyme.  Further  study  of  the  body  may  show  it  to  be  a  definite  chem- 
ical individual  of  relatively  low  molecular  weight.  It  has  not  been 
possible  thus  far  to  obtain  secretin  from  any  tissues  except  the  mucous 
membrane  of  the  duodenum  and  jejunum. 

This  secretin  mentioned  above  belongs  to  the  class  of  substances 
called  hormones  or  chemical  messengers.  These  hormones  play  a  very 
important  part  in  the  coordination  of  the  activities  of  certain  functions 
and  glands.  Other  important  hormones  arc  those  elaborated  by  the 
thyroids,  the  adrenals,  the  pituitary  body  (hypophysis),  the  embryo  and 
the  reproductive  glands.  It  Is  claimed  that  all  active  organs  of  the  body 
produce  hormones. 

The  juice  as  obtained  from  a  permanent  fistula  differs  greatly  in 
'See  chapter  on  Gastric  Digestion. 
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its  properties  from  the  juice  as  obtained  from  a  temporary  fistula,  and 
neither  form  of  fluid  possesses  the  properties  of  the  normal  fluid.  Pan- 
creatic juice  collected  by  Giaessner  from  a  natural  fistula  has  been  found 
to  be  a  colorless,  clear,  strongly  alkaline  fluid  which  foams  readily.  It  is 
further  characterized  by  containing  albumin,  globulin,  proteose,  and  pep- 
tone; nucleoprotein  is  also  present  in  traces.'  The  average  daily  secre- 
tion of  pancreatic  juice  is  650  c.c.  and  its  specific  gravity  is  1.008.  The 
fluid  contains  1.3  per  cent  of  solid  matter  and  the  freezing-point  is— 0.47° 
C.  The  normal  pancreatic  secretion  contains  at  least  four  distinct 
mzymes.  They  are  trypsin,  a  proteolytic  enzj-me;  pancreatic  amylase 
(amylopsin),  an  amylolytic  enzyme;  pancreatic  lipase  (steapsin),  a  fat- 
splitting  enzyme;  and  pancreatic  rentiin,  a  milk-coagulating  enzyme. 
Lactase,  the  lactose-splitting  enzyme,  is  also  present  at  certain  times. 

The  most  important  of  the  foar  enzymes  of  the  pancreatic  juice  is 
the  proteolytic  enzyme  trypsin.  This  enzyme  resembles  pepsin  in  so 
far  as  each  has  the  power  of  breaking  down  protein  material,  but  the 
trypsin  has  much  greater  digestive  power  and  is  able  to  cause  a  more 
complete  decomposition  of  the  complex  protein  molecule.  In  the 
process  of  normal  digestion  the  protein  constituents  of  the  diet  are  for 
the  most  part  transformed  into  proteoses  (aibumoses)  and  peptones 
before  coming  in  contact  with  the  enzyme  trypsin.  This  is  not  abso- 
lutely essentia],  however,  since  trypsin  possesses  digestive  activity  suffi- 
cient to  transform  unaltered  native  proteins  and  to  produce  from  their 
complex  molecules  comparatively  simple  fragments.  Among  the  prod- 
ucts of  tryptic  digestion  are  proteoses,  peptones,  peptides,  leucine,  tyrosine, 
aspartic  acid,  glutamic  acid,  alanine,  plienylalanine,  glycocoll,  cystine, 
serine,  valine,  proline,  oxyproline,  isoleucine,  arginine,  lysine,  histidine,  and 
tryptophane.  (The  crystalline  forms  of  many  of  these  products  are  repro- 
duced in  Chapter  IV.)  Tr>*psin  does  not  occur  preformed  in  the  gland, 
but  exists  there  as  a  zymogen  called  trypsinogen  which  bears  the  same 
relation  to  trjfpsin  that  pepsinogen  does  to  pepsin.  Trypsin  has  never 
been  obtained  in  a  pure  form  and  therefore  very  little  can  be  stated 
definitely  as  to  its  nature.  The  enzyme  is  the  most  active  in  alkaline 
solution  but  is  also  active  in  neutral  or  slightly  acid  solutions.  Trypsin  is 
destroyed  by  mineral  acids  and  may  also  be  destroyed  by  comparatively 
weak  alkali  (2  per  cent  sodium  carbonate)  if  left  in  contact  for  a  suffi- 
ciently long  time.  Trv-psinogen,  on  the  other  hand,  is  more  resistant  to 
the  action  of  alkalis.  In  pancreatic  digestion  the  protein  does  not  swell 
as  is  the  case  in  gastric  digestion,  but  becomes  more  or  less  "honey- 
combed" and  it  finally  disintegrates. 

The  presence  of  active  pepsin  in  the  contents  of  the  intestine  has  been 

'  Giaessner:  Zcilschrifl  fiir  physiolagische  Chcmie,  40,  476,  1904. 


DigitizGd  by  Lj OOQ IC 


PHYSIOLOGICAL   CHEMISTRY 

demonstrated  very  recently  by  Abderhalden  and  Meyer.'  It  may 
possibly  be  that  pepsin  may  play  a  part  in  the  profound  intestinal  pro- 
teolysis which  has  up  to  this  time  been  assigned  to  trj-psin  and  erepsin 
(see  chapter  on  Gastric  Digestion). 

The  pancreatic  juice  which  is  collected  by  means  of  a  fistula  pos- 
sesses practically  no  power  to  digest  protein  matter.  A  body  called 
ettlerokinase  occurs  in  the  intestinal  juice  and  has  the  power  of  converting 
trypsinogen  into  trypsin.  This  process  is  known  as  the  "activation"  of 
trypsinogen  and  through  it  a  juice  which  is  incapable  of  digesting  protein 
may  be  made  active.  Enterokinase  is  not  always  present  in  the  intestinal 
juice  since  it  is  secreted  only  after  the  pancreatic  juice  reaches  the  intes- 
tine. It  resembles  the  enzymes  in  that  its  activity  is  destroyed  by  heat, 
but  differs  materially  from  this  class  of  bodies  in  that  a  certain  quantity 
is  capable  of  activating  only  a  definite  quantity  of  trypsinogen.  It  is, 
however,  generally  classified  as  an  enzyme.  Enterokinase  has  been 
detected  in  the  higher  animals,  and  a  kinase  possessing  similar  properties 
has  been  shown  to  be  present  in  bacteria,  fungi,  impure  fibrin,  lymph 
glands,  and  snake-venom.  Mendel  and  Rettger^  and  others  have  demon- 
strated that  activation  of  trj-psinogen  into  trypsin  may  be  brought  about 
in  the  gland  as  well  as  in  the  intestine  of  the  living  organism.  The  manner 
of  the  activation  in  the  gland  and  tVe  nature  of  the  body  causing  it  are 
unknown   at  present.     Prym'  denies  that  such  an  activation  occurs. 

Detezenne  claims  that  trypsinogen  may  be  activated  by  soluble 
calcium  salts.  He  reports  experiments  which  indicate  that  proteolytic- 
ally  inactive  pancreatic  juice,  obtained  directly  from  the  duct,  when 
treated  with  salts  of  this  character,  assumes  the  property  of  digesting 
protein  material.  This  process  by  which  the  trypsinogen  is  activated 
through  the  instrumentality  of  calcium  salts  is  very  rapid  and  is  desig- 
nated by  Delezenne  as  an  "explosion."  The  recent  suggestion  of 
Mays  that  there  may  possibly  be  several  precursors  of  trypsin  one  of 
which  is  activated  by  enterokinase  and  the  others  by  other  agents,  is 
of  interest  in  this  connection. 

Pancreatic  amylase  {amylopsifi) .  the  second  of  the  pancreatic  en- 
zymes, is  an  amylolytic  cazyme  which  possesses  somewhat  greater  diges- 
tive power  than  the  salivary  amylase  (ptyalin)  of  the  saliva.  As  its 
name  implies,  its  activity  is  confined  to  the  starches,  and  the  products 
of  its  amylolytic  action  are  dextrins  and  sugars.  The  sugars  are  prin- 
cipally iso-maltose  and  maltose  and  these  by  the  further  action  of  an 
inverting  enzyme  are  partly  transformed  into  dextrose. 


'  .Abdtrhalilen  und  Meyer:  ZcU.  fliysiol,  Cliem.,  74,  67,  191 
'  Mtndel  and  Rettpcr:  Ametu:an  Journal  of  P/iysiotogy,  7. 
'Prym:  FJItiger's  Archie,  104  and  107. 
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It  is  possible  that  the  saliva  as  a  digestive  fluid  is  not  absolutely 
essential.  The  salivary  amylase  (ptyalin)  is  destroyed  by  the  hydro- 
chloric add  of  the  gastric  juice  and  is  therefore  inactive  when  the  chyme 
reaches  the  intestine.  Should  undigested  starch  be  present  at  this  point, 
however,  it  would  be  quickly  transformed  by  the  active  pancreatic  amy- 
lase. This  enzyme  is  not  present  in  the  pancreatic  juice  of  infants  during 
the  first  few  weeks  of  life,  thus  showing  very  clearly  that  a  starchy  diet 
is  not  normal  for  this  period. 

The  pronounced  influence  of  electrolytes  upon  the  action  of  pancreatic 
amylase  and  other  amylases  has  been  demonstrated  many  times.'  In 
this  connection  Bierry^  has  very  recently  shown  that  the  removal  of 
electrolytes  from  pancreatic  juice  by  dialysis  yields  a  juice  which  possesses 
no  power  to  split  starch.  He  further  claims  that  the  CI  or  Br  ion  is  "abso- 
lutely essential  to  the  activity  of  animal  amylases."  It  is  generally  rec- 
ognized that  the  presence  of  the  CI  ion  facilitates  amylolytic  action.* 

It  has  been  claimed  that  pancreatic  amylase  has  a  slight  digestive 
action  upon  unboiled  starch. 

The  extent  to  which  amylase  is  present  in  the  feces  has  been  taken  as 
the  index  of  pancreatic  activity. 

The  third  enzyme  of  the  pancreatic  juice  is  called  pancreatic  lipase 
(steapsin)  and  is  a  fat-sphtting  enzyme.  It  has  the  power  of  sphtting 
the  neutral  fats  of  the  food,  by  hydrolysis,  into  fatty  acid  and  glycerol.  A 
typical  reaction  would  be  as  follows: 


Recent  researches  make  it  probable  that  fats  undergo  saponifica- 
tion to  a  certain  extent  prior  to  their  absorption.  The  fatty  acids  formed, 
in  part  unite  with  the  alkalis  of  the  pancreatic  juice  and  intestinal  secre- 
tion to  form  soluble  soaps;  in  part  they  are  doubtless  absorbed  dissolved 
in  the  bile.  Some  observers  believe  that  the  fats  may  also  be  absorbed 
in  emulsion — a  condition  promoted  by  the  presence  of  the  soluble  soaps. 
After  absorption  the  fatty  acids  are  re-synthesized  to  form  neutral  fats 
with  glycerol. 

It  has  been  demonstrated  that  Upase  acts  best  in  dilution.*  This 
fact  is  of  importance  when  considered  in  connection  with  the  fact  that  in- 
gested fat  is  better  utilized  in  the  human  organism  when  large  volumes 
of  water  (looo  c.c.)  are  taken  with  meals.* 

'  For  the  liletaturc  see  Kendall  and  Sherman:  Jour.  Am.  Chrm.  Soc.,  31,  1087,  1910. 
'  Bierry:  Biockem,  Zeil.,  40,  357,  1912, 

*  Wohlgemuth:  Biochem.  Zeit.,  g,  10,  igoS;  and  Kendall  and  Shennan:  Jour.  Am.  Ckem. 
Soc.,  32,  1087,  1910. 

'  Bradley:  Jour.  Biol.,  Cticm.,  8,  151,  1910. 

*MAttill  snd  Hawk:  Jour.  Am.  Chem.  Soc,  33,  \g^%,  1911. 
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Pancreatic  lipase  is  very  unstable  and  is  easily  rendered  inert  by  the 
action  of  add.  For  this  reason  it  is  not  possible  to  prepare  an  extract 
having  a  satisfactory  fat-splitting  power  from-  a  pancreas  which  has 
been  removed  from  the  organism  for  a  sufficiently  long  time  to  have 
become  acid  in  reaction. 

The  fourth  enzyme  of  the  pancreatic  juice  is  called  pancreatic  rennin. 
It  is  a  milk-coagulating  enz>'me  whose  action  is  very  similar  to  that 
of  the  enzyme  gastric  rennin  found  in  the,gastric  juice.  It  is  supposed 
to  show  its  greatest  activity  at  a  temperature  varjing  from  60°  to  65°  C. 

The  enzymes  of  the  intestinal  juice  {succus  entericus)  are  of  great 
importance  to  the  animal  organism.  These  enzymes  include  erepsin, 
sucrose,  mallase,  lactase,  and  enterokinase.  According  to  Boldyrefl  lipase 
is  also  present. 

Erepsin  is  a  proteolytic  enzyme  which  has  the  property  of  acting 
upon  the  proteoses,  peptones  and  peptides  which  are  formed  through  the 
action  of  trypsin  and  further  splitting  them  into  amino  acids.  Erepsin 
has  no  power  of  digesting  any  native  proteins  except  caseinogen,  histones, 
and  protamines.  It  possesses  its  greatest  activity  in  an  alkaline  solution 
although  it  is  slightly  active  in  acid  solution.  An  extract  of  the  intestinal 
erepsin  may  be  prepared  by  treating  the  finely  divided  intestine  of  a 
cal,  dog,  or  pig  with  toluol-  or  chloroform-water  and  permitting  the 
mixture  to  stand  with  occasional  shaking  for  24-72  hoiurs.'  Enzj-mes 
similar  to  erepsin  occur  in  various  tissues  of  the  organism. 

In  cases  of  gastric  cancer  a  peptide-spiitting  enzjTne  is  present  in 
the  stomach  contents.  The  glycyl-tr>-ptophane  test  is  used  for  its 
detection  (see  chapters  on  Enzymes  and  Gastric  Digestion). 

The  three  invertascs  sucrase,  maltase,  and  lactase  are  also  important 
enzjTnes  of  the  intestinal  mucosa.  The  sucrase  acts  upon  sucrose 
and  inverts  it  with  the  formation  of  invert  sugar  (dextrose  and  Iivulose), 
Some  investigators  claim  that  sucrase  is  also  present  in  saliva  and  gastric 
juice.  It  probably  does  not  exist  normally  in  either  of  these  digestive 
juices,  however,  and  if  found  owes  its  presence  to  the  excretory  processes 
of  certain  bacteria.  Sucrases  may  also  beobtained  from  several  vegetable 
sources.  For  investigational  purposes  it  is  ordinarily  obtained  from 
yeast  (see  p.  13).  It  exhibits  its  greatest  acti\ity  in  the  presence  of  a 
slight  acidity  but  if  the  acidity  be  increased  to  any  extent  the  reaction  is 
inhibited. 

Lactase  is  an  enzyme  which  inverts  lactose  with  the  consequent 
formation  of  dextrose  and  galactose.  Its  action  is  entirely  analogous, 
in  tj-pe,  to  that  of  sucrase.  It  has  apparenth-  been  proven  that  lactase 
occurs  in  the  intestinal  mucosa  of  the  young  of  all  animals  which  suckle 
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their  offspring.'  It  may  also  occur  in  the  intestinal  mucosa  of  certain 
adult  animals  if  such  animals  be  maintained  upon  a  ration  containing 
more  or  less  lactose.  Fischer  and  Armstrong  have  demonstrated  the 
reversible  action'  of  lactase. 

For  discussions  of  maltose  and  enterokinase  see  pages  62  and  150 
respectively. 

PREPARATION  OF  AN  ARTIFICIAL  PANCREATIC  JCICE.» 

After  removing  the  fat  from  the  pancreas  of  a  pig  or  sheep,  finely 
divide  the  organ  by  means  of  scissors  and  grind  it  in  a  mortar.  If 
convenient,  the  use  of  an  ordinary  meat  chopper  is  a  very  satisfactory 
means  of  preparing  the  pancreas. 

When  finely  divided  as  above  the  pancreas  should  be  placed  in  a 
500  c.c.  flask,  about  150  c.c.  of  30  per  cent  alcohol  added  and  the  flask 
and  contents  shaken  frequently  for  twenty-four  hours.  (What  is  the 
reaction  of  this  alcoholic  extract  at  the  end  of  this  period,  and  why?) 
Strain  the  alcoholic  extract  through  cheese  cloth,  filter,  nearly  neutralize 
with  potassium  hydroxide  solution  and  then  exactly  neutralize  it  with 
0.5  per  cent  sodium  carbonate. 

Products  of  Tryptic  Digestion. 

Take  about  200  grams  of  lean  beef  which  has  been  freed  from  fat 
and  finely  ground  and  place  it  in  a  large-sized  beaker.  Introduce  equal 
volumes  of  the  pancreatic  extract  prepared  as  above  and  0.5  per  cent 
sodium  carbonate,  add  5  c.c.  of  an  alcoholic  solution  of  thymol  to  prevent 
putrefaction,  and  place  the  beaker  in  an  incubator  at  40°  C.  Stir  the 
contents  of  the  beaker  frequently  and  add  more  thymol  if  it  becomes 
necessary.  Allow  digestion  to  proceed  for  from  z  to  5  days  and  then 
separate  the  products  formed  as  follows:  Strain  off  the  undissolved 
residue  through  cheese  cloth,  nearly  neutralize  the  solution  with  dilute 
hydrochloric  acid  and  then  exactly  neutralize  it  with  o.a  per  cent  hydro- 
chloric acid.  A  precipitate  at  this  point  would  indicate  alkali  mela- 
protein  (alkali  albuminate).  Filter  ofli  any  precipitate  and  divide  the 
filtrate  into  two  parts,  a  one-fourth  and  a  three-fourth  portion. 

Transfer  the  one-fourth  portion  to  an  evaporating  dish  and  make 
the  separation  of  proteoses  and  peptones  as  well  as  the  final  tests  upon 
these  bodies  according  to  the  directions  given  on  page  120. 

Place  about  5  c.c.  of  the  three-fourth  portion  in  a  test-tube  and 

'  Mendel  and  Mitchell;  American  Journal  of  Physiology,  lO,  81.  1907. 
"SecD.  8. 

e  Karl  Mays:  Zcitsckrifl  ftir  physinlogiscke  Chcmic, 
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add  about  i  c.c.  of  bromine  water.  A  violet  coloration  indicates  the 
presence  of  tryptophane  (see  page  82.  Also  see  glycyl-tryptophane 
reaction  in  chapter  on  Enzymes.)  Concentrate'  the  remainder  of  the 
three-fourth  portion  to  a  thin  syrup  and  make  the  separation  of  leucine 
and  tyrosine  according  to  the  directions  given  on  page  82. 

GENERAL  EXPERIMENTS  ON  PANCREATIC  DIGESTION. 

Experiments  on  Trypsin. 

1.  The  Most  Favorable  Reaction  for  Ttyptic  Digestion. — Prepare 
seven  tubes  as  follows: 

(a)  2-3  c.c.  of  neutral  pancreatic  extract  +  2-3  c.c.  of  water. 
?p    (^)  2-3  c.c.  of  neutral  pancreatic  extract  +  2-3  c.c.  of  i  per  cent 
sodium  carbonate. 

\4c)  2-3  c.c.  of  neutral  pancreatic  extract  +  2-3  c.c.  of  0.5  per  cent 
sodium  carbonate. 

{d)  2-3  c.c.  of  neutral  pancreatic  extract  +  2-3  c.c.  of  0.2  per  cent 
hydrochloric  acid. 

(c)  2-3  c.c.  of  neutral  pancreatic  extract  +  2-3  c.c.  of  0.2  per  cent 
combined  hydrochloric  add. 

{/)  2-3  C.C.  of  neutral  pancreatic  extract  +  2-3  c.c.  of  0.4  per  cent 
boric  acid. 

(£)  2-3  c.c.  of  neutral  pancreatic  extract  +  2-3  c.c.  of  0.4  per  cent 
acetic  acid. 

Add  a  small  piece  of  fibrin  to  the  contents  of  each  tube  and  keep 
them  at  40°  C.  noting  the  progress  of  digestion.  In  which  tube  do 
we  find  the  most  satisfactory  digestion,  and  why?  How  do  the  indi- 
cations of  the  digestion  of  fibrin  by  trypsin  differ  from  the  indications 
of  the  digestion  of  fibrin  by  pepsin? 

2.  Hie  Most  Favorable  Teiiq>eiature. — (For  this  and  the  following 
series  of  experiments  under  tryptic  digestion  use  the  neutral  extract 
plus  an  equal  volume  of  0.5  per  cent  sodium  carbonate.)  In  each  of 
four  tubes  place  5  c.c.  of  alkaline  pancreatic  extract  Immerse  one  tube 
in  cold  water  from  the  faucet,  keep  a  second  at  room  temperature  and 
place  a  third  in  the  incubator  or  water-bath  at  40°  C.  Boil  the  contents 
of  the  fourth  for  a  few  moments,  then  cool  and  also  keep  it  at  40°  C. 
Into  each  tube  introduce  a  small  piece  of  fibrin  and  note  the  progress 
of  digestion.  In  which  tube  does  the  most  rapid  digestion  occur?  What 
is  the  reason? 

3.  Influence  of  Metallic  Salts,  Etc. — Prepare  a  series  of  tubes  and 
into  each  tube  place  6  volumes  of  water,  3  volumes  of  alkaline  pancre- 
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atic  extract  and  i  volume  of  one  of  the  chemicals  listed  in  Experiment 
18  under  Salivary  Digestion,  page  66. 

Introduce  a  small  piece  of  fibrin  into  each  of  the  tubes  and  keep 
them  at  40°  C.  for  one-half  hour.  Shake  the  tubes  frequently.  In 
which  tubes  do  we  get  the  least  digestion? 

4.  Influence  of  BUc^Prepare  five  tubes  as  follows: 
(a)  Five  c.c.  of  pancreatic  extract+i/2-1  ex.  of  bile. 
'(b)  Five  c.c.  of  pancreatic  extract+1-2  c.c.  of  bile, 
.'(c)  Five  c.c.  of  pancreatic  extract+2-3  c.c.  of  bile. 
\{(d)  Five  c.c.  of  pancreatic  extract+s  c.c.  of  bile. 
'■   (e)  Five  C.C.  of  pancreatic  extract. 

Introduce  into  each  tube  a  small  piece  of  fibrin  and  keep  them  at 
40°  C.  Shake  the  tubes  frequently  and  note  the  progress  of  digestion. 
Does  the  presence  of  bile  retard  tryptic  digestion?  How  do  these 
results  agree  with  those  obtained  under  gastric  digestion? 

Experiments  on  Pancreatic  Amylase. 

1.  The  Most  Favorable  Reaction. — Prepare  seven  tubes  as  follows:     i  •^"  -  ^' 
~(a)  One  cc  of  neutral  pancreatic  extract  +  i  c.c.  of  starch  paste  +    T      " 

2  cc.  of  water. 

(6)  One  c.c,  of  neutral  pancreatic  extract  +  i  cc.  of  starch  paste  + 
2  cc.  of  I  per  cent  sodium  carbonate. 

(c)  One  c.c.  of  neutral  pancreatic  extract  +  i  c.c.  of  starch  paste  + 
2  cc.  of  0.5  per  cent  sodium  carbonate. 

(d)  One  c.c.  of  neutral  pancreatic  extract  +  i  c.c.  of  starch  paste  +    "y       ^ 
2  cc.  of  0.2  per  cent  hydrochloric  acid. 

(e)  One  c.c.  of  neutral  pancreatic  extract  +  i  c.c.  of  starch  paste  + 
2  cc.  of  0.2  per  cent  combined  hydrochloric  acid. 

(/)  One  c.c.  of  neutral  pancreatic  extract  +  i  c.c  of  starch  paste  + 
2  c.c.  of  0.4  per  cent  boric  acid. 

(g)  One  c.c  of  neutral  pancreatic  extract  +  i  c.c,  of  starch  paste  -f- 
2  cc  of  0.4  per  cent  acetic  add. 

Shake  each  tube  thoroughly  and  place  them  in  the  incubator  or  water- 
bath  at  40°  C.  At  the  end  of  a  half-hour  divide  the  contents  of  each  tube 
into  two  parts  and  test  one  part  by  the  iodine  test  and  the  other  part  by 
Fehling's  test.  Where  do  you  find  the  most  satisfactory  digestion? 
How  do  the  results  compare  with  those  obtained  from  the  similar  series 
under  Trypsin,  page  154? 

2.  The  Most  Favorable  Temperature. — (For  this  and  the  fol- 
lowing series  of  experiments  upon  pancreatic  amylase  use  the  neutral 
extract  plus  an  equal  volume  of  0.5  per  cent  sodium  carbonate.)     Tn 
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each  of  four  tubes  place  2-3  c.c.  of  alkatitte  pancreatic  extract.  Immerse 
one  tube  in  cold  water  from  the  faucet,  keep  a  second  at  room  tempera- 
ture, and  place  a  third  on  the  water-bath  at  40°  C.  Boil  the  contents 
of  the  fourth  for  a  few  moments,  then  cool  and  also  keep  it  at  40°  C. 
Into  each  tube  introduce  2-3  c.c.  of  starch  paste  and  note  the  progress 
of  digestion.  At  the  end  of  one-half  hour  divide  the  contents  of  each 
tube  into  two  parts  and  test  one  part  by  the  iodine  test  and  the  other 
part  by  Fehling's  test.  In  which  tube  do  you  find  the  most  satisfactory 
digestion?  How  does  this  result  compare  with  the  result  obtained 
in  the  similar  series  of  experiments  under  Trypsin  (see  page  154)? 

3.  Influence  of  Metallic  Salts,  etc. — Prepare  a  series  of  tubes 
and  into  each  place  3  volumes  of  water,  3  volumes  of  alkaline  pancreatic 
extract,  1  volume  of  one  of  I  he  chemicals  listed  in  Experiment  18  under 
Salivary  Digestion,  page  66,  and  3  volumes  of  starch  paste.  Be  sure 
to  introduce  the  starch  paste  into  the  tube  last.  Why?  Shake  the 
tubes  well  and  place  them  in  the  incubator  orwater-bath  at  40°  C.  At  the 
end  of  a  half-hour  divide  the  contents  of  each  tube  into  two  parts  and  test 
one  part  by  the  iodine  test  and  the  other  part  by  Fehling's  test.  What 
are  your  conclusions? 

,4^Jnfluence  of  Bile. — Prepare  five  lubes  as  follows: 

T"  (a)  2-3  C.C.  of  pancreatic  extract  +  2-3  c.c.  of  starch  paste  +  1/2-1 
c.c.  of  bile. 

^{b)  2-3  c.c.  of  pancreatic  extract  +  2-3  c.c.  of  starch  paste  +  1-2 
c.c.  of  bile. 

%f^c)  2-3  c.c.  of  pancreatic  extract  +  2-3  c.c.  of  starch  paste  +  2-3 
c.c.  of  bile. 

'  (d)  2-3  c.c.  of  pancreatic  extract  +  2-3  c.c.  of  starch  paste  +  5  c.c. 
of  bile. 

K    W  2-3  c.c.  of  pancrea'ic  extract  +  2-3  c.c.  of  starch  paste. 

Shake  the  tubes  thoroughly  and  place  them  in  the  incubator  or  water- 
bath  at  40°  C.  Note  the  progress  of  digestion  frequently  and  at  the  end 
of  a  half-hour  divide  the  contents  of  each  tube  into  two  parts  and  test  one 
part  by  the  iodine  test  and  the  other  part  by  Fehling's  test.  What  are 
your  conclusions  regarding  the  influence  of  bile  upon  the  action  of 
pancreatic  amylase? 

5.  Digestion  of  Dry  Starch.— To  a  little  dry  starch  in  a  test-tube 
ado* about  5  c,c.  of  pancreatic  extract  and  place  the  tube  in  the  incubator 
or  water-bath  at  40°  C,  At  the  end  of  a  half-hour  filter  and  test  separate 
portions  of  the  filtrate  by  the  iodine  and  Fehling  tests.  What  do  you  con- 
clude regarding  the  action  of  pancreatic  amylase  upon  dry  starch? 
Compare  this  result  with  that  obtained  in  the  similar  experiment  under 
AiJ/r.in- Digestion  (page  65!. 
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BILE. 

The  bile  is  secreted  continuously  by  the  liver  and  passes  into  the 
intestine  through  the  common  bi!e  duct  which  opens  near  the  pylorus. 
Bile  is  not  secreted  continuously  into  the  intestine.  In  a  fasting  animal 
no  bile  enters  the  intestine,  but  when  food  is  taken  the  bile  begins  to 
flow;  the  length  of  time  elapsing  between  the  ingestion  of  the  food  and 
the  secretion  of  the  bile  as  well  as  the  qualitative  and  quantitative  charac- 
teristics of  the  secretion  depending  upon  the  nature  of  the  food  ingested. 
Fats,  the  extractives  of  meat  and  the  protein  end-products  of  gastric 
digestion  (proteoses  and  peptones),  cause  a  copious  secretion  of  bile, 
whereas  such  substances  as  water,  acids  and  boiled  starch  paste  fail 
to  do  so.  In  general  a  rich  protein  diet  is  supposed  to  increase  the 
amount  of  bile  secreted,  whereas  a  carbohydrate  diet  would  cause  a 
much  less  decided  increase  and  might  even  tend  to  decrease  the  amount. 
It  has  been  demonstrated  by  Bayliss  and  Starling  that  the  secretion  of 
bile  IS  under  the  control  of  the  same  mechanism  that  regulates  the  flow 
of  pancreatic  juice  (see  p.  148}.  In  other  words,  the  hydrochloric 
acid  of  the  chyme,  as  it  enters  the  duodenum  transforms  prosecretin 
iBto  secretin  and  this  in  turn  enters  the  circulation,  is  carried  to  the 
liver,  and  stimulates  the  bile-forming  mechanism  to  increased  activity. 

We  may  look  upon  the  bile  as  an  excretion  as  well  as  a  secretion.  In 
the  fulfillment  of  its  excretory  function  it  passes  such  bodies  as  lecithin, 
metallic  substances,  cholesterol,  and  the  decomposition  products  of 
hemoglobin  into  the  intestine  and  in  this  way  aids  in  removing  them 
from  the  organism.  The  bile  assists  materially  in  the  absorption  of 
fats  from  the  intestine  by  its  solvent  action  on  the  fatty  acids  formed 
by  the  action  of  the  pancreatic  juice. 

The  bile  is  a  ropy,  viscid  substance  which  is  alkaline  in  reaction 
to  litmus,'  and  ordinarily  possesses  a  decidedly  bitter  taste.  It  varies 
in  color  in  the  different  animals,  the  principal  variations  being  yellow, 
brown,  and  green.  Fresh  human  bile  from  the  living  organism  ordi- 
narily has  a  green  or  golden-yellow  color.  Postmortem  bile  is  variable 
in  color.  It  is  very  ditHcult  to  determine  accurately  the  amount  of 
normal  bile  secreted  during  any  given  period.  For  an  adult  i 
has  been  variously  estimated  at  from  500  c.c,  to  iioo  c.c.  for  twenty- 
'n  any  free  hydraxyl  ions,  however. 
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four  hours.  The  =pednc  gra>ity  ol  the  bile  \"aries  «:■»!:«&  ;  c;c  lai 
1.040.  and  the  freeziEg-poim  is  about  —0.50"  C  A>  iecwcevi  by  :*w 
liver,  the  Me  is  a  dear,  Umpid  fluid  which  contains  ^  reliU^^vCy  low 
ctmtent  of  solid  matter.  Such  bile  would  have  a  spevidc  gravity  of 
approximately  i.cio.  Alter  it  reaches  the  gall-biadvier,  bowwer.  ic 
becomes  mixed  with  mucous  material  from  the  walls  ot  the  i^jIi-bUd^ier. 
and  this  process  coupled  with  the  continuous  absorption  oi  water  iroca 
the  bile  has  a  tendency-  to  concentrate  the  secretion.  Theretore  the 
bile  as  we  nnd  it  in  the  gall-bladder  ordinarily  poesesfes  a  higher  $^«e~ 
dfic  graxity  than  that  of  the  freshly  secreted  fluid.  The  specidc  jraxity 
under  these  conditions  may  run  as  hi^  as  1.040. 

The  principal  constituents  of  the  bite  are  the  s<iUs  of  thf  biU  icids. 
bUe  pigments,  neutrd  fjh.  UcUhin.  phosphatides,  and  choiesterM.  besides 
the  salts  of  iron,  cofipcr-.' cjlcium .  and  magnesium.  Zinc  has  also  fr^ 
quently  been  found  in  traces. 

The  bile  acids,  which  are  elaborated  exclusiviely  by  the  he[>atic 
cells,  may  be  di\'ided  into  two  groups,  the  glycocholic  aciJ  gri.>up  and 
the  taurocholic  aeid  group.  In  human  bile  glycocholic  acid  pmlomi- 
nates,  while  taurocholic  acid  is  the  more  abundant  in  the  bile  of  car- 
nivora.  The  bile  adds  are  conjugate  amino-acids.  the  glycocholic 
acid  >-ielding  glycocoU. 

CHiXHj 

COOH, 

and  ckeiic  acid  upon  decomposition,  whereas  taurocholic  add  ^>'es 
rise  to  taurine, 

CHiHX, 

CH.SOs-OH, 

and  ckolic  acid  under  like  conditions.  Glycocholic  add  contains  some 
nitrogen  but  no  sulphur,  whereas  taurocholic  add  contains  both  these 
dements.  The  sulphur  of  the  taurocholic  acid  is  present  in  the  taurine 
(amino-ethyl-sulphonic-acid),  of  which  it  is  a  characteristic  constituent. 
There  are  several  varieties  of  cholic  acid  and  therefore  we  ha\-e  sev-eral 
forms  of  glycocholic  and  taurocholic  acids,  the  variation  in  constitution 
depending  upon  the  nature  of  the  cholic  acid  which  enters  into  the  com- 
Imiation.  The  bile  acids  are  present  in  the  bile  as  salts  of  one  of  the 
alkalis,  generally  sodium.  The  sodium  glycocholate  and  sodium  tau- 
rotJioIate  may  be  isolated  in  crj-stalline  form,  either  as  balls  or  rosettes 
of  fine  needles  or  in  the  form  of  prisms  ha\-ing  ordinarily  four  or  six 
rides  (Fig.  41,  p.  160).    The  salts  of  the  bile  adds  are  dexVio-ToVaXorj. 
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Among  other  properties  these  salts  have  the  power  of  holding  the  choles- 
terol and  lecithin  of  the  bile  in  solution. 

Hanunarsten  has  demonstrated  a  third  group  of  bile  acids  in  the 
bile  of  the  shark.  This  same  group  very  probably  occurs  in  certain 
other  animals  also.  These  acids  are  very  rich  in  sulphur  and  resemble 
ethereal  sulphuric  acids  inasmuch  as  upon  treatment  with  boiUng  hydro- 
chloric acid  they  yield  sulphuric  acid. 


The  bile  pigments  are  important  and  interesting  biliary  constit- 
uents. The  following  have  been  isolated:  bilirubin,  biliverdin.  bili- 
fiiscin,  biliprasitt,  bilihutnin,  bilicyanin,  choleprasin,  and  cholelelin.  Of 
these,  bilirubin  and  biliverdin  are  the  most  important  and  predominate  in 
normal  bile.  The  colors  possessed  by  the  various  varieties  of  normal 
bile  are  due  almost  entirely  to  these  two  pigments,  the  biliverdin  being 
the  predominant  pigment  in  greenish  bile  and  the  bilirubin  being  the 
principal  pigment  in  lighter  colored  bile.  The  pigments,  other  than 
the  two  just  mentioned,  have  been  found  almost  exclusively  in  biliary 
calculi  or  in  altered  bile  obtained  as  post-mortem  examinarions. 

Bilirubin,  which  is  perhaps  the  most  important  of  the  bile  pigments, 
is  apparently  derived  from  the  blood  pigment,  the  iron  freed  in  the 
process  being  held  in  the  hver.  Bilirubin  has  the  same  percentage  com- 
jmsirion  as  htematoporphyrin,  which  may  be  produced  from  hsmatin. 
It  is  a  specific  product  of  the  liver  cells,  but  may  also  be  formed  in  other 
parts  of  the  body.  The  pigment  may  be  isolated  in  the  form  of  a  reddish- 
yellow  powder  or  may  be  obtained  in  part,  in  the  form  of  reddish-yellow 
rhombic  plates  (Fig.  43,  p.  161)  upon  the  spontaneous  evaporation  of 
its  chloroform  solution.  The  crystalline  form  of  bilirubin  is  practically 
the  same  as  that  of  ha^matoidin.     It  is  easily  soluble  in  chloroform, 
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sUci-{^tfO£  i3ii  ;>'-•-*=«*  t  ■unit  iiijr«.--»ci-':  -iat  t-1r  >.iTT.>  iuniriat  s  "*— r 
with  Ki  t;5r»rii.-jjt  f:a'.r«.-jsii-jt  tui  -j«r  sr-a:E7  niaz  iimiiiai  -e-  -aiME- 


bliie.  T^  iiiJrrt  vuini',c  -oihciT  tiris  i,t&c^ci:tt.-:aai2L  Tit;  is 
a  duk.  •^■^'-''^"'^  ViZil  >:tT-*^i  C  laii  1  vcB-ria::  liars'  I  -ns 
second  a  i>si  -turz:- -'jti-jj^.  -jt^w.  •r.-^iizj  fa~-^  1  laii  ■:a»:  -uirT,  i 

Tie  suuacj  nil  sm-lo-C  n.-iu"i  ".»■■.  fj»'.r:>"-t  c  taoiiii.  :»:iii  .•—ns  ;r- 
tvea  C  *ac  L  i-'iii  ^^.a-t*-^  ■-■■  i.  iid-T-.T  tCiiii.*  i^ar  1      A  ■±!n,  mai:. 
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1^  liivyM  into  three  dx^aes,  chataterol  calculi,  pigment  caUtUi,  and 
(al'-uli  made:  up  abiKj«t  entirely  of  inorganit  material.  This  last  class 
•'^  <A\tM\ia  h  f'/rmed  prindfjally  of  the  carbonate  and  pho^hate  of  cal- 
dum  an'l  i<t  rarely  f'lund  in  man  although  quite  annmon  to  cattle.  The 
I^Kmimt  cal<':ulu»  is  also  found  in  cattle,  but  is  more  annmon  to  man  than 
thff  JnorKfinic  calrulus.  This  pigment  calculus  ordinarily  consists  jhU' 
<n'{i»lly  "f  bilirubin  in  combination  nith  caldum;  biliverdin  b  sometimes 
fotinr]  in  Hmall  amtmnt.  The  cholesterol  calculus  is  the  one  fotmd  most 
(rw|iii^ntly  in  man.  These  may  be  formed  almost  entirely  of  cholesterol, 
in  which  (:v(;nt  the  a^lor  of  the  calculus  is  very  light,  or  they  may  contain 
mont  or  le»s  pigment  and  inorganic  matter  mixed  with  the  cholesterol, 
whirh  t^:n(iB  to  jpve  us  calculi  of  various  colors. 
l''«r  (liiicusHion  of  cholesterol  see  page  270. 


jJLfr 


Experiments  on  Bile. 

I .  Reaction.'  -Test  the  reaction  of  fresh  ox  bile'  to  litmus^  phenol- 
phthiilcin  anil  congo  red. 

i.  Nudeprotelii. — Addify  a  small  amount  of  bile  with  dilute  acetic 
ndd.  A  precipitiilo  of  nuclcoprotein  forms.  Bile  adds  will  also  predpi- 
lale  here  under  proiwr  conditions  of  addity.  »^<*^'^  j*^ 

,{.  Inorganic    Constituents.— Test    for    chloridfeT  a^g^ijitp^     and 

Y**A    I'''"^l''"*''"'*  '**•■<'  l"iK'-  '^'43' 

A,  Tests  (or  Bile  Pigments,  (a)  Gmelin's  Test.-^o  about  5  c.c. 
<)(  tomntlnUni  nitric  acid  in  a  Lesl-tube  add  2-3  c.c,  of  diluted  bile 
iiirrfully  so  I  hat  tlio  two  fluids  do  not  mix.  At  the  point  of  contact  note  . . 
till'  viiriims  colun-d  riii^,  ^reen,  blue,  violet,  red  and  reddish-yellow.1 
KciM'iil  this  Icsl  with  dilTi-rcnt  dilutions  of  bile  and  observe  its  delicacy. 
^  Hosntbiuh's  Stodifitation  oJGmelin's  Test. — Filter  5  c.c.  of  diluted 
hill'  Ihruu^h  :i  small  lillt'r  paix-r.  Introduce  a  drop  of  concentrated 
nitric  mid  into  tlio  cone  of  llu'  pajwr  and  note  the  succession  of  colors  as 
jtivt'U  ill  (iiiu'lin's  lost. 

(,c)  ^'itkuyimo's  Reaction. — To  5  c.c.  of  diluted  bile  in  a  test-tube 
ndd  iiiuviual  volumoof  a  10  iHTcentsolutionof  barium  chloride,  rantrifu- 
(latc  the  iiiivturc,  jxiur  off  the  supernatant  fluid,  and  heat  the  predi»tate 
with  i  c.c,  of  Nakayama's  reagent.'  In  the  presence  of  bile  fugments 
ihr  solution  assumes  a  blue  or  green  color. 

\ij)  Iluf<f>m's  Rcaciinn. — Thoroughly shakeequalvolumesof  undiluted 
biloaitd  milk  of  limoina  test-tube.  The  pigments  unite  with  the  caldum 
and  arr  pnvipital<\l.     Filter  of!  the  predpitate,  wash  it  with  water,  and 

'  l'rcn«nsl  liy  .-.Mnhininc  oj  i\i.v  ,i;"  a'i-i>hf.!  and  t  c.i:-  tyt  fumint  hydrocbioric  addon- 
"■inllW  4  |lram>  ii(  ifrri.-  .-hloriJt  per  liur. 
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transfer  to  a  small  beaker.  Add  alcoliol  addi£ed  slightly  with  hydro- 
chloric add  and  warm  upon  a  water-bath  until  the  solution  becomes 
colored  an  emerald  green. 

In  examining  urine  for  bile  pigments,  according  to  Steensma,  this 
procedure  may  give  negative  results  even  in  the  presence  of  the  pigments, 
owing  to  the  fact  that  the  add-alcohol  is  not  a  sufficiently  strong  oxidiz- 
ing agent.  He  therefore  suggests  the  addition  of  a  drop  of  a  0.5  per  cent 
solution  of  sodium  nitrite  to  the  add-alcohol  mixture  before  warming  on 
the  water-bath.    Try  this  modification  also. 

(c)  Bammarsten's  Reaction. — To  about  5  c.c.  of  Hammarsten's 
reagent'  in  a  small  evaporating  dish  add  a  few  drops  of  diluted  bile.  A 
green  color  is  produced.  If  more  of  the  reagent  is  now  added  the  play 
of  colors'as'observed  in  Gmelin's  test  may  be  obtained.        *d  o-»-«/  tX.J" 

^  Smith's  Test.— To  2-3  c.c.  of  diluted  bile  in  a  test-tube  add 
carefully  about  5  c.c.  of  dilute  tincture  of  iodine  (1:10)  so  that  the 
fluids  do  not  mix.    A  play  of  colors,  green,  blue  and  violet,  is  observed.-^  rtJ  '-«- 
In  making  this  test  upon  the  urine  ordinarily  only  the  green  color  is 
observed. 

(g)  Salkowski-Schippers  Reaction. — To  10  c.c.  of  diluted  bile  in  a 
test-tube  add  5  drops  of  a  20  per  cent  solution  of  sodium  carbonate  and 
10  drops  of  a  zo  per  cent  solution  of  caidum  chloride.  FUter  off  the  re- 
sultant predpitate  upon  a  hardened  filter  paper  and  wash  it  with  water. 
Remove  the  precipitate  to  a  small  porcelain  dish,  add  3  c.c.  of  an  add- 
alcohol  mixture'  and  a  few  drops  of  a  dilute  solution  of  sodium  nitrite  and 
heat.  The  production  of  a  green  color  indicates  the  presence  of  bile 
pigments. 

(A)  Bonanno's  J?carf«w.*— Place  5-10  c.c.  of  diluted  bile  in  a  small 
porcelain  evaporating  dish  and  add  a  few  drops  of  Bonanno's  reagent.* 
An  emerald-green  color  will  develop.  . 

_^  Tests  for  Bile  Acids,  (g)  Pettenkofer's  Test— To  5  c.c.  of  dihited  ^-M 
bile  in  a  test-tube  add  5  drops  of  a  $  per  cent  solution  of  sucrose.  Now 
run  about  2-3  c.c.  of  concentrated  sulphuric  add  carefully  down  the  side  ' ' ' 
of  the  tube  and  note  the  red  ring  at  the  point  of  contact,  Upon  slightly 
agitating  the  contents  of  the  tube  the  whole  solution  gradually  assumes 
a  reddish  color.  As  the  tube  becomes  warm,  it  should  be  cooled  in  run- 
ning water  in  order  that  the  temperature  of  the  solution  may  not  rise 
above  70°  C. 

'  Hammarsten's  reagent  is  made  by  miring  (  volume  of  25  per  cent  nittic  add  and  19 
volumes  of  15  per  cent  hydrochloric  add  and  then  adding  i  volume  of  tbis  add  mixture 
ti  4  volumes  of  95  per  cent  alcohol, 

*  Made  by  adding  5  c.c.  of  concentrated  hydrochloric  add  to  95  c.c.  of  q6  per  cent  alcohoL 

*  //  Tammasi,  2,  No.  Ji. 

*  This  reagent  may  be  prepared  by  dissolving  z  grams  of  sodium  nitrite  in  100  c.c.  of 
concentrated  hydrochloric  acid. 
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(6)  Mylius's  Modification  of  Pettenko/cr's  Test. — To  approximately 
5  c.c.  of  diluted  bile  in  a  test-tube  add  3  drops  of  a  very  dilute  (i :  1000) 
aqueous  solution  of  furfural, 

HC— CH 

II     II 
HC     CCHO.  ^ 

\/  .<^ 

Now  run  about  2-3  c.c,  of  concentrated  sulphuric  add  carefully  down 
the  side  of  the  tube  and  note  thegd  ring  as  above.  In  this  case,  also, 
upon  shaking  the  tube  the  whole  solution  is  colored  red.  Keep  the 
temperature  of  the  solution  below  70°  C.  as  before. 

(c)  Neukomm's  Modijkalum  of  Pettenkofer's  Test. — To  a  few  drops 
of  diluted  bile  in  an  evaporating  dish  add  a  trace  of  a  dilute  sucrose 
solution  and  one  or  more  drops  of  dilute  sulphuric  add.  Evaporate  on 
a  water-bath  and  note  the  development  of  a  violet  color  at  the  edge  of  the 
evaporating  mixture.  Discontinue  the  evaporation  as  soon  as  the  color 
is  observed. 

■ij)  V.  Udr&nsky's  Test. — To  5  c.c.  of  diluted  bile  in  a  test-tube  add 
3-  4^rbps  of  a  very  dilute  (i :  1000)  aqueous  solution  of  furfurol.  Place 
the  thiunb  over  the  top  of  the  tube  and  shake  the  tube  until  a  thidi 
foam  is  formed.  By  means  of  a  small  pipette  add  3-3  drops  of  con- 
centrated sulphuric  add  to  the  foam  and  note  the  jarA  pink  coloration 
produced. 

(c)  Guerin's  Reaction. — To  equal  volumes  of  diluted  bile  and  alcohol 
in  a  test-tube  add  5-6  drops  of  a  saturated  aqueous  solution  of  furfurol 
and  5-6  drops  of  concentrated  sulphuric  add.  A  blue  color  indicates 
bile  adds. 

ffl  Bay's  Test. — This  test  is  based  upon  the  prindple  that  bile  adds 
ha"rethe  property  of  redudng  the  surface  tension  of  fluids  in  which  they 
are  contained.  The  test  is  [>erformed  as  follows:  Cool  about  10  c.c.  of 
diluted  bile  in  a  test-tube  to  17°  C.  or  lower  and  sprinkle  a  little  finely 
pulverized  sulphur  upon  the  surface  of  the  fiuid.  The  presence  of  bile 
adds  is  indicated  if  the  sulphur  sinks  to  the  bottom  of  the  liquid,  the 
rapidity  with  which  the  sulphur  sinks  depending  upon  the  quantity  of 
bile  adds  present  in  the  nuAture.  The  test  is  said  to  react  with  bUe 
adds  when  they  are  present  in  the  proportion  i :  1 20,000. 

Some  investigators  claim  that  it  is  impossible  to  differentiate  between 
bile  acids  and  bile  pigments  by  this  test. 

^  Ciystallization  of  Bfle  Salts. — To  35  c.c.  of  undiluted  bile  in  an 
evaporating  dish  add  enough  animal  charcoal  to  form  a  paste  and  evapo- 
rate  to  dryness  on  a  water-bath.     Remove   the  residue,  grind  it  in 
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a  mortar,  and  transfer  it  to  a  small  flask.  Add  about  50  c.c.  of  95  per 
cent  alcohol  and  boil  on  a  water-bath  for  20  minutes.  Filter,  and  add 
ether  to  the  filtrate  until  there  is  a  slight  permanent  cloudiness.  Cover 
the  vessel  and  stand  it  away  until  crystallization  is  complete.  Examine 
the  crystals  under  the  microscope  and  compare  them  with  those  shown 
in  Fig.  41,  page  160.  Try  one  of  the  tests  for  bile  acids  upon  some  of  the 
crystals. 

7.  Analysis  of  Biliary   Calculi — Grind  the  calculus  in  a  mortar 
with  10  c.c.  of  ether.    Filter. 


Residue  I. 

(On  paper  and  in  mortar.) 


Add  an  equal  volume  of  95  per  cent 
atcohoP  to  the  ether  extract,  allow  the 
mixture  to  evaporate  and  examine  for 
eMetlerol  crystals  (Fig.  43,  p.  166). 
(For  further  tests  see  Experiment  8, 
Wow.)  


Filtrate  IL 
Test  for  calcium,  phosphates,  and 
troM.  Evaporate  remainder  of  filtrate 
to  diTness  in  porcelain  crucible  and 
ignite.  Dissolve  residue  in  dilute 
hydrochloric  add  and  make  alkaline 
with  ammonium  hydroxide.  Blue 
color  indicates  copper. 


Retidue  IL 

(On  paper  and  in  mortar.) 
Wash  with  a  little  water.    Dry  the  filter  paper. 


Treat  with  5  c.c.  chloroform  and  filler. 


FUtrate  m. 
BHirt^in. 
(Apply  test  for 
bile  pigments.) 


Bilherdia. 

^  Tests  for  Cholesterol. 

(a)  Microscopical  £xaww'«a/«m.— Examine  the  crystals  under  the 
microscope  and  compare  them  with  those  shown  in  Fig.  43,  p.  166. 

(6)  Iodine-sulphuric  Acid  7"«(.^Place  a  few  crystals  of  cholesterol 
in  one  of  the  depressions  of  a  test-tablet  and  treat  with  a  drop  of  con- 
centrated sulphuric  acid  and  a  drop  of  a  very  dilute  solution  of  iodine. 
A  play  of  colors  consisting  of  violet,  blue,  green,  and  red  results. 

(cj  The  Liebermann-Burchard  Test. — Dissolve  a  few  crystals  of 
cholesterol  in  2  c.c.  of  chloroform  in  a  dry  test-tube.  Now  add  10 
drc^  of  acedc  anhydride  and  1-3  drops  of  concentrated  sulphuric  add. 
The  solution  becomes  red,  then  Hue,  and  finally  bluish-green  in  color. 
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(if)  Salkowski's  Test. — Dissolve  a  few  crystals  of  cholesterol  in  a 
little  chloroform  and  add  an  equal  volume  of  concentrated  sulphuric 
add.  A  play  of  colors  from  bluish-red  to  cherry-red  and  purple  is  noted 
in  the  chloroform  while  the  add  assumes  a  marked  green  fluorescence. 

(e)  Schiff's  Reaction. — To  a  little  cholesterol  in  an  evaporating 
dish  add  a  few  drops  of  Schiff's  reagent.'  Evaporate  to  dryness  over 
a  low  flame  and  observe  the  reddish-violet  residue  which  changes  to  a 
bluish-violet. 


Fig.  43. — Cholesterol. 

9.  Preparation  of  Taurine.— To  300  c.c.  of  bile  in  a  casserole  add 
100  c.c.  of  hydrochloric  add  and  heat  until  a  sticky  mass  (dyslysin) 
is  formed.  This  point  may  be  determined  by  drawing  out  a  thread- 
like portion  of  the  mass  by  means  of  a  glass  rod,  and  if  it  solidifies 
immediately  and  assumes  a  brittle  character  we  may  conclude  that  all 
the  taurocholic  and  glycocholic  add  has  been  decomposed.  Decant 
the  solution  and  concentrate  it  to  a  small  volume  on  the  water-bath. 
FUter  the  hot  solution  to  remove  sodium  chloride  and  other  substances 
which  may  have  separated,  and  evaporate  the  filtrate  to  dryness.  Dis- 
solve the  residue  in  5  per  cent  hydrochloric  add  and  precipitate  with 
ten  volumes  of  95  per  cent  alcohol.  Filter  off  the  taurine  and  recrystallize 
it  from  hot  water.  (Save  the  alcoholic  filtrate  for  the  preparation  of 
giycocoU,  below.)    Make  the  following  tests  upon  the  taurine  crystals. 

(a)  Examine  them  under  the  microscope  and  compare  with  Fig.  44. 

(6)  Heat  a  crystal  upon  platinum  foil.  The  taurine  at  first  melts, 
then  turns  brown,  and  finally  carbonizes  as  the  temperature  is  raised. 
Note  the  suffocating  odor.     What  is  it? 
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(c)  Test  the  solubDit}-  of  the  cr>~stals  in  water  and  in  alcohol. 

(d)  Grind  ap  a  cnstal  with  four  times  its  volume  of  dr>'  sodium 
carbonate  and  fuse  on  platinum  foil.  Cool  the  residue,  transfer  it  to 
a  test-tube,  and  dissolve  it  in  water.    Add  a  little  dilute  sulphuric  acid 


Fig.  44. — Taurine. 

and  note  the  odor  of  hydrogen  sulphide.  Hold  a  piece  of  dlter  paper, 
moistened  with  a  small  amount  of  lead  acetate,  over  the  opening  of 
the  test-tube  and  observe  the  formation  of  lead  sulphide. 


Fio.  4S— O 


10.  Preparation  of  Glycocoll.— Concentrate  the  alcoholic  filtrate 
fitnn  the  last  experiment  (9)  until  no  more  alcohol  remains.  The 
glycocoU  is  present  here  in  the  form  of  an  hydrochloride  and  may  be 
liberated  from  this  combination  by  the  addition  of  freshly  precipitated 


DigitizGd  by  Lj OOQ IC 


l68  PHYSIOLOGICAL  CHEMISTRY 

lead  hydroxide  or  by  lead  hydroxide  solution.  Remove  the  lead  by 
hydrogen  sulphide.  Filter  and  decolorize  the  filtrate  by  animal  charcoal. 
Filter  again,  concentrate  the  filtrate,  and  set  it  aside  for  crystallization. 
Glycocoll  separates  as  colorless  crystals  (Fig.  45.) 

II.  Synthesis  of  Hqipuric  Acid. — To  some  of  the  glycocoll  pre- 
pared in  the  last  experiment  or  furnished  by  the  instructor,  add  a 
little  water,  about  1  c.c.  of  benzoyl  chloride  and  render  alkaline  with 
potassium  hydroxide  solution.  Stopper  the  tube  and  shake  it  until 
no  more  heat  is  evolved.  Now  render  strongly  alkaline  with  potassium 
hydroxide  and  shake  the  mixture  until  no  odor  of  benzoyl  chloride  can 
be  detected.  Cool,  acidify  with  hydrochloric  add,  add  an  equal 
volume  of  petroleum  ether,  and  shake  thoroughly  to  remove  the  benzoic 
add.  (Evaporate  this  solution  and  note  the  crystals  of  benzoic  acid. 
Compare  them  with  those  shown  in  Fig.  99,  page  308.)  Decant  the 
ethereal  solution  into  a  porcelain  dish  and  extract  again  with  ether. 
The  hippuric  acid  remains  in  the  aqueous  solution.  Filter  it  off  and 
wash  it  with  a  small  amount  of  cold  water  while  still  on  the  filter. 
Remove  it  to  a  small,  shallow  vessel,  dissolve  it  in  a  small  amount  of 
hot  water  and  set  it  aside  for  crystallization.  Examine  the  crystals 
microscopically  and  compare  them  with  those  in  Fig.  97,  page  300. 

The  chemistry  of  the  synthesis  is  represented  thus: 
CHiNHj  COCl  OCNHCHsCOOH. 

1  /\  /\ 

!  +,     I     -1     ,  +«c^- 

COOH  X/  \/ 
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CHAPTER  X. 
PDTREPACnON  PRODUCTS. 

The  put^efacti^'e  processes  in  the  intestine  are  the  result  of  the 
action  of  bacteria  upon  the  protein  material  present.  This  bacterial 
action  which  is  the  combined  effort  of  many  forms  of  micro-organisms 
is  confined  almost  exclusively  to  the  large  intestine.  Some  of  the 
products  of  the  putrefaction  of  proteins  are  identical  with  those  formed 
in  ti^ptic  digestion,  although  the  decomposition  of  the  protein  material 
is  much  more  extensive  when  subjected  to  putrefaction.  Some  of  the 
more  important  of  the  putrefaction  products  are  the  following:  Indaie, 
skalole,  paracresol,  phenol,  para-oxy phenyl  propionic  acid,  para-oxyphenyl- 
acetic  acid,  T<^tUe  fatty  acids,  hydrogen  sulphide,  methane,  methyl 
mercaptan,  hydrogen,  and  carbon  dioxide,  besides  proteoses,  peptones, 
ammonia,  and  amino  acids.  Of  these  the  indole,  skatole.  phenol,  and 
paracresol  appear  in  part  in  the  urine  as  ethereal  sulphuric  adds, 
whereas  the  oxj'adds  mentioned  pass  unchanged  into  the  urine.  The 
potassium  indoxjl  sulphate  (page  298)  content  of  the  urine  is  a  rough 
indicator  of  the  extent  of  the  putrefaction  within  the  intestine. 

The  portion  of  the  indole  which  is  excreted  in  the  urine  is  first  sub- 
jected to  a  series  of  changes  within  the  organism  and  is  subsequently 
eliminated  as  indican.    These  changes  may  be  represented  thus: 


/\ 

CH 

II 

/\         C(OH) 
+  0-              1 

\/ 

\/CH 

\  -X/CH 

1 

NH 

NH 

li.do.y1. 

C(OH) 

/\      .  C(OSO,H) 

11 

+H,SO. 

~  \/\Ah 

\/CH 

NH 

NH 

Indoiyl. 

Indoiyl  tulphuric  mcid. 

In  the  presence  of  potassium  salts  the  indoxyl  sulphuric  acid  is  then 
transformed  into  indoxyl  potassium  sulphate  (or  indican), 
/^\         C(OSOjK), 

\/\/CH 
NH 

and  eliminated  as  such  in  the  urine. 
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Indican  may  be  decomposed  by  treatment  with  concentrated  hydro- 
chloric acid  (see  tests  on  page  29S)  into  sulphuric  add  and  indoxyl. 
The  latter  body  may  then  be  oxidized  to  form  indigo-blue  thus: 


C(OH) 

/\ 

cooc 

_._/\ 

1 

+  jO- 

-'        I 

1 

1        1 

+  2H,0 

\ycH 

\/^ 

v/C_-C\/\/ 

NH 

Indoiyl. 

NH 

NH 

This  same  reaction  may  also  occur  under  pathological  conditions 
within  the  organism,  thus  giving  rise  to  the  appearance  of  crystals  of 
indigo-blue  in  the  urine. 

Skatole  is  likewise  changed  within  the  organism  and  eh'minated  in 
.  the  form  of  a  chromogenic  substance.  Skatole  is,  however,  of  less  impor- 
tance as  a  putrefaction  product  than  indole  and  ordinarily  occurs  in 
much  smaller  amount.  The  tryptophane  group  of  the  protein  molecule 
yields  the  indole  and  skatole  formed  in  intestinal  putrefaction,  but  the 
reasons  for  the  transformation  of  the  major  portion  of  this  tryptophane 
into  indole  and  the  minor  portion  into  skatole  are  not  well  understood. 
Indole  is  more  toxic  than  skatole. 

Phenol  occurs  in  fairly  large  amoimt  in  certain  abnormal  conditions 
of  the  organism,  but  ordinarily  the  amount  is  very  small.  It  is  probably 
derived  from  the  tyrosine  group  of  the  protein  molecule.  Phenol  is 
conjugated  in  the  liver  to  form  phenyl  potassium  sulphate  and  appears 
in  the  urine  in  this  form  (Baumann  and  Herter).  Para-cresol  occurs  in 
the  urine  as  cresyl  potassium  sulphate. 

Regarding  the  claim  of  Nencki  that  methyl  mercaptan  is  formed 
as  a  gas  during  intestinal  putrefaction  it  is  an  important  fact  that  Herter' 
has  been  tmable  to  detect  the  mercaptan  in  fresk  feces.  He  is,  therefore, 
not  inclined  to  accept  the  theory  that  methyl  mercaptan  is  formed  in 
ordinary  intestinal  putrefaction  but  believes  that  it  may  be  formed  in 
exceptional  cases.  Hydrogen  sulphide  is,  however,  formed  in  all  cases  of 
intestinal  putrefaction. 

It  has  been  shown  by  Kutscher  and  his  associates^  that  many  adds 
and  bases  formed  in  putrefaction  and  which  have  been  considered  as 
originating  alone  from  bacterial  action,  may  also  be  formed  in  certain 
phases  of  metabolism  in  both  the  plant  and  animal  kingdom.  These 
transformation  products  of  amino  adds  have  been  termed  "  aporrhegmas. ' ' 
The  following  aporrhegmas  may  result  from  putrefaction  processes; 

'  Herter;  Bacleriiil  Inftctions  of  Ike  Digrslive  Trad,  p.  127. 

•  Ackermann  ami  Kuischcr:  Zeil,  physio}.  Ckem.,  (19,  3(15,  igio. 

Ackermann:  Ibid.,  273. 

Engcland  and  Kutscher;  Ihid.,  281. 
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ApoTrhegma.  Amino  Acid  Source. 

Iminazolethytainine-     1  Histidine. 

InunazolpTopionic  acid f  »"=""»"*- 

Ornithine | 

TetrameLhylendiamine |  iVrginine. 

AminovaJerianic   acid J 

Pcntamethylendiaminc Lysine. 

Aminobutyric  add Glutamic  add. 

Alanine 1  ,        ,■       - . 

Isovalerianic  add Leucine. 

Phenylethylamine ) 

Phenylacetic  add >  Phenylalanine. 

Phenylpropionic  add ) 

^Oiyphenylaectic  add 1  Tyrosine 

^-Oxyphenylpropionic  acid f      ' 

Indole 

Skatole , , ,  It  _. . 

Indolacetic  acid. ._ Tryptophane. 

Indolpropionic  add J 

Experiments  on  Putrefaction  Products. 

In  many  courses  in  physiological  chemistry  the  instructors  are  so 
Jimited  for  time  that  no  extended  study  of  the  products  of  putrefaction 
can  very  well  be  attempted,  Uoder  such  conditions  the  scheme  here 
submitted  may  be  used  profitably  in  the  way  of  demonstration.  Where 
the  number  of  students  is  not  too  great,  a  single  large  putrefaction  may 
be  started,  and,  after  the  initial  distillation,  both  the  resulting  distillate 
and  residue  may  be  distributed  to  the  members  of  the  class  for  individual 
manipulation. 

Preparation  of  Putrefaction  Mixture. — Place  a  weighed  mixture  of 
coagulated  egg  albumin  and  ground  lean  meat  in  a  flask  or  bottle  and 
add  approximately  2  liters  of  water  for  every  kilogram  of  protein  used. 
Sterilize  the  vessel  and  contents,  inoculate  with  the  colon  baciUus,  and 
keep  at  40°  C.  for  two  or  three  weeks.  If  cultures  of  the  colon  bacillus 
are  not  available,  add  60  c.c.  of  a  cold  saturated  solution  of  sodium 
carbonate  for  every  liter  of  water  previously  added  and  inoculate  with 
some  putrescent  material  (pancreas  or  feces).'  Mix  the  putrefaction 
mixture  very  thoroughly  by  shaking  and  insert  a  cork  furnished  with 
a  glass  tube  to  which  is  attached  a  wash  bottle  containing  a  3  per  cent 
solution  of  mercuric  cyanide.  ^  This  device  is  for  the  purpose  of  collecting 
the  methyl  mercaptan,  a  gas  formed  during  the  process  of  putrefaction. 
It  also  serves  to  diminish  the  odor  arising  from  the  putrefying  material. 
Place  the  putrefaction  mixture  at  40°  C.  for  two  or  three  weeks  and  at 

'  Putrefying!  protdn  may  be  prepared  by  treating  lo  grams  of  finely  ground  lean  meat 
with  100  c,c.  uf  water  and  2  c.c.  of  a  saturated  solution  of  sodium  carbonate  and  keeping 
Ihe  mixture  at  4.0°  C,  (or  twenty-four  hours. 

>  Concentrated  sulphuric  add  containing  a  small  amount  of  isalitt  may  be  used  as  a 
substitute  for  mercuric  cyanide.  When  this  modification  is  employed  it  is  necessary  to 
use  caldum  chloride  tubes  to  exclude  moisture  from  the  Isatin  solution. 
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the  end  of  that  time  make  a  separation  of  the  products  of  putrefaction 
according  to  the  following  directions: 

Subject  the  mixture  to  distiUation  until  the  distillate  and  residue  are 
approximately  equal  in  volume. 


PART  I, 
MANIPULATION  OF  THE  DISTILLATE. 


Atidify  wilh  hydrnchloric 

Ether  Extract  No.  i. 

Add  an  equal  viilumc  of  water,  make 
alkaline  with  potassium  hydroxide,  and 
shake  thoroughly,      I 


Ether  Extract  No.  a. 

Evaporate  spontaneously.  Indole  and 
skalale  remain.  Try  proper  reactions 
(seepages  175  and  176), 


Ether  Extract  No.  3. 

Evaporate.     Detect  phenol  and  c 
(paracrcsol).     Seep.  177. 


Residue  No.  i. 

.\llow  the  ether  to  volatilize.  Evapo- 
rate and  detect  ammonium  chloride 
crystals  (Fig.  46,  p.  17,1). 


Alkaline  Solution  No,  i. 
\cidify  with    hydrochloric  acid,  add 
lium    carbonate,    and    extract    with 


Alkaline  Solution  No.  3. 

Acidify   with  hydrochloric  acid,  and 
;xtrai:t  with  ether. 

L 


"I 


Final  Residue. 


DETAILED   DIRECTIONS   FOR   MAKING  THE  SEPARATIONS 
INDICATED  IN  THE  SCHEME. 

Preliminary  Elher  Extraction. — This  extraction  may  be  conveniently 
conducted  in  a  separator^'  funnel.  Mix  the  fluids  for  extraction  in  the 
ratio  of  two  volumes  of  ether  to  three  volumes  of  the  distillate.  Shake 
very  thoroughly  for  a  few  moments,  then  draw  off  ihc  extracted  fluid 
and  add  a  new  portion  of  the  distillate.  Repeat  the  process  until  the 
entire  distillate  has  been  extracted.  Add  a  small  amount  of  fresh  ether 
at  each  extraction  to  replace  that  dissolved  by  the  water  in  the  preceding 
extraction. 

Residue  No.  i : — Unite  the  portions  of  the  distillate  extracted  as  above 
and  allow  the  ether  to  volatilize  spontaneously.  Evaporate  until  crystal- 
lization begins.  Examine  the  crystals  under  the  microscope.  Am- 
monium chloride  predominates.     Explain  its  presence. 

Ether  Extract  No.  i.^Add  equal  volume  of  water,  render  the 
mixture  alkaUne  with  potassium  hydroxide,  and  shake  thoroughly  by 
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means  of  a  separatory  funnel  as  before.  The  wlalile  fatty  acids,  con- 
tained among  the  putrefaction  products,  would  be  dissolved  by  the  alka- 
line solution  (No.  1)  whereas  any  indole  or  skatole  would  remain  in  the 
ethereal  solution  (No.  2). 

Alkaline  Solution  No.  i.— Acidify  with  hydrochloric  acid  and  add 
sodium  carbonate  solution  until  the  fluid  is  neutral  or  shghtly  acid 
from  the  presence  of  carbonic  acid.  At  this  point  a  portion  of  the 
solution,  after  being  heated  for  a  few  moments,  should  possess  an 
alkaline  reaction  on  cooling.  Extract  the  whole  mixture  with  ether 
in  the  usual  way,  using  care  in  the  manipulation  of  the  stop  cock  to 


Fid.  46. — .Ahhoniijh  Chloride, 


relieve  the  pressure  due  to  the  evolution  of  carbon  dioxide.  The  ether 
(Ether  Extract  No.  3)  removes  any  phenol  or  cresol  which  may  be  present 
while  the  volatile  fatty  acids  will  remain  in  the  alkaline  solution  (No,  2) 
as  alkali  salts. 

Ether  Extract  No.  2. — Drive  off  the  major  portion  of  the  ether  at  a 
low  temperature  on  a  water-bath  and  allow  the  residue  to  evaporate 
qwntaneously.  Indole  and  skatole  should  be  present  here.  Prove  the 
presence  of  these  bodies.  For  tests  for  indole  and  skatole  see  pp.  175 
and  176. 

Alkaline  Solution  No.  2. — Make  strongly  acid  with  hydrochloric 
acid  and  extract  with  a  small  amount  of  ether,  using  a  separatory 
funnel.  As  carbon  dioxide  is  liberated  here,  care  must  be  used  in  the 
manipulation  of  the  stop  cock  of  the  funnel  in  relieving  the  pressure  within 
the  vessel.  The  volatile  fatty  acids  are  dissolved  by  the  ether  (Ether 
Extract  No.  4). 

Ether  Extract  No.  3. — Evaporate  this  etheral  solution  on  a  water- 
bath.    The  oily  residue  contains  phenol  and  cresol.     The  cresol  is 
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present  for  the  most  part  as  paracresol.  Add  some  water  to  the  oily 
residue  and  heat  it  in  a  flask.  Cool  and  prove  the  presence  of  phenol 
and  cresol.     For  tests  for  these  bodies  see  page  177. 

Eiker  Extract  No.  4. — Evaporate  on  a  water-bath.    The  volatile 
fatty  adds  remain  in  the  residue. 


MAiraPULATION  OF  THE  RESIDTJE. 

Evaporate,  filter,  and  extract  with  ether. 


Ettier  Extract 
Evaporate,  extract  the   residue  ^ 
warm  water,  and  filter. 


Aqueous  Solution. 

Evaporate  until  crystals  begin  to 
form.  Stand  in  a  cold  place  until 
crystftUization  is  complete.     Filter. 


Ine  Deposit 
Consists  of  a  mixture    of 
leucine  and  tyrosine  crystals 
(Figs.  34,  37  and   109,  pages 
81,  8s  and  367.) 


^trate  No.  i. 
Contains  txyacids   and 
skalolt-carbonic  acid. 


Rendue. 

Contains  non-votatUe 
/ally  acids. 


Filtrate  No.  i. 
Contains   proleose,   ftplon 
ic  acids,  and  Iryplophan 


DETAILED  DIRECTIONS  FOR  MAKING  THE 

SEPARATIONS  INDICATED  IN 

THE  SCHEME. 

Preliminary  Ether  Extraction. — This  extraction  may  be  conducted 
in  a  separatory  funnel.  In  order  to  make  a  satisfactory  extraction 
the  mixture  should  be  shaken  very  thoroughly.  Separate  the  ethereal 
solution  from  the  aqueous  portion  and  treat  them  according  to  the 
directions  given  on  p.  172. 

Ether  Extract. — Evaporate  this  solution  on  a  safely  water-bath  until 
the  ether  has  been  entirely  removed.  Extract  the  residue  with  warm 
water  and  filter. 

Aqueous  Solution. — Evaporate  this  solution  until  crystallization 
begins.  Stand  the  solution  in  a  cold  place  until  no  more  crystals  form. 
This  crj'stalline  mass  consists  of  impure  leucine  and  tyrosine.  Filter 
off  the  crystals. 

Crystalline  Deposit. — Examine  the  crystals  under  the  microscope  and 
compare  them  with  those  reproduced  in  Figs.  24,  27,  and  109,  pages 
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81,  85  and  367.  Do  the  forms  of  the  crystals  of  leucine  and  tyrosine 
resemble  those  previously  examined?  Make  a  separation  of  the  leucine 
and  tryosine  and  apply  typical  tests  according  to  directions  given  on 
pages  90  and  91. 

Filtrate  No.  i. — Make  a  test  for  tryptophane  with  bromine  water 
(see  page  153),  and  also  with  the  Hopkins-Cole  reagent  (see  page  98). 
Use  the  remainder  of  the  filtrate  for  the  separation  of  proteoses  and  pep- 
tones. Make  the  separation  according  to  the  directions  given  on 
page  120. 

Filtrate  No.  2. — This  solution  contains  para-oxyphenylacetic  acid, 
para-oxyphenylpropionic  add  and  skatole-carbonic  add.  Prove  the 
presence  of  these  bodies  by  appropriate  tests.  Tests  for  oxyadds  and 
skatole-carbonic  acid  are  given  on  page  177. 

TESTS  FOR  VAiaOUS  PUTREFACTION  PRODUCTS. 

Tests  for  Indole. 

I.  Herter's  ^-Naphthaquinone  Reaction. — (a)  To  a  dilute  aque- 
ous solution  of  indole  (1:500,000)  add  one  drop  of  a  2  per  cent  solution 
of  j3-naphthaquinone-sodium-monosulphonate.  No  reaction  occurs. 
Add  a  drop  of  a  10  per  cent  solution  of  potassium  hydroxide  and  note 
the  gradual  development  of  a  blue  or  blue-green  color  which  fades  to 
green  if  an  excess  of  the  alkali  is  added.  Render  the  green  or  blue-green 
solution  add  and  note  the  appearance  of  a  pink  color.  Heat  facilitates 
the  development  of  the  color  reaction. 

One  part  of  indole  in  one  miUion  parts  of  water  may  be  detected  by 
means  of  this  test  if  carefully  performed. 

(6)  If  the  alkali  be  added  to  a  more  concentrated  indole  solution 
before  the  introduction  of  the  naphthaquinone  the  course  of  the  re- 
action is  different,  particularly  if  the  indole  solution  is  somewhat  more 
concentrated  than  that  mentioned  above  and  if  heat  is  used.  Under 
these  conditions  the  blue  indole  compoimd  ultimately  forms  as  fine 
adcular  crystals  which  rise  to  the  surface. 

If  we  do  not  wait  for  the  production  of  the  crystalline  body  but  as 
soon  as  the  blue  color  forms,  shake  the  aqueous  solution  with  chloro- 
form, the  blue  color  disappears  from  the  solution  and  the  chloroform 
assumes  a  pinkish-red  hue.  This  is  a  distinguishing  feature  of  the  indole 
reaction  and  facihtates  the  differentiation  of  indole  from  other  bodies 
which  yield  a  similar  blue  color.  A  very  satisfactory  method  for  the 
quantitative  determination  of  indole  is  based  upon  the  prindple  under- 
lying tliis  test. 
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2.  Konto's  Reaction. — Distil  the  solution  to  be  tested  until  only 
one-third  of  the  original  solution  remains.  Make  the  distillate  alkaline 
with  sodium  hydroxide  and  distil  again  in  order  to  separate  the  indole 
from  the  phenol,  the  latter  remaining  in  the  residue.  Inasmuch  as  this 
second  distillate  generally  contains  a  large  amount  of  ammonia  it  should 
be  acidified  with  dilute  sulphuric  acid  and  again  distilled.  To  i  c.c.  of 
this  ammonia-free  distillate  in  a  test-tube  add  3  drops  of  a  40  per  cent 
solution  of  formaldehyde  and  i  c.c.  of  concentrated  sulphuric  acid.  Now 
agitate  the  mixture  and  note  the  appearance  of  a  violet  red  color  if  a 
trace  of  indole  is  present.  The  test  is  said  to  serve  for  the  detection  of 
indole  when  present  in  a  dilution  of  i :  700,000. 

Skatole  gives  a  yellow  or  brown  color  under  the  above  conditions. 

3.  Cholera-red  Reaction. — To  a  little  of  the  residue  in  a  test-tube 
add  one-tenth  its  volume  of  a  o.os  per  cent  solution  of  potassium  nitrite 
and  mix  thoroughly.  Carefully  run  concentrated  sulphuric  acid  down 
the  side  of  the  tube  so  that  it  forms  a  layer  at  the  bottom.  Note  the 
purple  color.  Neutralize  with  potassium  hydroxide  and  observe  the  pro- 
duction of  a  bluish-green  color. 

4.  Legal's  Reaction.^To  a  small  amount  of  the  residue  in  a  test- 
tube  add  a  few  <irops  of  a  freshly  prepared  solution  of  sodiiim  nitro- 
prusside,  Na3Fe(CN)sNO+2HjO.  Render  alkaline  with  potassium 
hydroxide  and  note  the  production  of  a  violet  color.  If  the  solution  is 
now  acidified  with  glacial  acetic  acid  the  violet  is  transformed  into  a 
blue. 

5.  P>ine  Wood  Test. — Moisten  a  pine  splinter  with  concentrated 
hydrochloric  acid  and  insert  it  into  the  residue.  The  wood  assumes 
a  cherry-red  color. 

6.  Nitroso-indole  Nitrate  Test. — Acidify  some  of  the  residue  with 
nitric  acid,  add  a  few  drops  of  a  potassium  nitrite  solution  and  note  the 
production  of  a  red  precipitate  of  nitroso-indole  nitrate.  If  the  residue 
contains  but  little  indole  simply  a  red  coloration  will  result.  Compare 
this  result  with  the  result  of  the  similar  test  on  skatole. 

Tests  for  Skatole. 


I.  Herter'sPara-dimethylaminobenzaldehyde  Reaction.' — To  sec. 

of  the  distillate  or  atjueous  solution  under  examination  add  i  c.c.  of  an 
acid  solution  of  para-dimcthylaminobenzaidehyde-  and  heat  the  mix- 
ture to  boiling.    A  purpUsh-blue  coloration  is  produced.* 

'  Herlet:  BacUrial  Infeclians  of  Ihe  Dig'sl're  Trad.  1907,  p,  141. 

'Made  by  dissotving  5  grams  of  para-dinielhylaminobcnzaldehydc  in  loo  c.c.  of  10 
per  cent  sulphuric  acid. 

*  If  the  color  does  nut  appear  add  more  of  the  aldehyde  solution. 
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which  may  be  intensified  through  the  additioa  of  a  few  drops  of  concen- 
trated hydrochloric  acid.  If  the  solution  be  cooled  under  running  water 
it  loses  its  purplish  tinge  of  color  and  becomes  a  definite  blue.  The 
solution  at  this  point  may  be  somewhat  opalescent  through  the  separation 
of  uncombined  para-dimethylaminobenzaldehyde.  Care  should  be  taken 
not  to  add  an  excess  of  hydrochloric  add  inasmuch  as  the  end-reaction 
has  a  tendency  to  fade  under  the  influence  of  a  high  acidity. 

A  rough  idea  regarding  the  actual  quantity  of  skatole  in  a  mixture 
may  be  obtained  by  extracting  this  blue  solution  with  chloroform  and 
subsequently  comparing  this  chloroform  solution,  by  means  of  a  color- 
imeter {Duboscq),  with  the  maximal  reaction,  obtained  with  a  skatole 
solution  of  known  strength. 

2.  Color  Reaction  with  Hydrochloric  Acid. — Acidify  some  of  the 
residue  with  concentrated  hydrochloric  acid.  Note  the  production  of  a 
violet  color. 

3.  Acidify  some  of  the  residue  with  nitric  acid  and  add  a  few  drops 
of  a  potassium  nitrite  solution.  Note  the  white  turbidity.  Compare 
this  result  with  the  result  of  the  similar  test  on  indole. 

Tests  for  I%enol  and  Cresol. 

1.  Color  Test— Test  a  little  of  the  solution  with  Millon's  reagent. 
A  red  color  results.  Compare  this  test  with  the  similar  one  under  Tyro- 
sine (see  page  91). 

2.  Ferric  Chloride  Test — Add  a  few  drops  of  neutral  ferric  chloride 
solution  to  a  little  of  the  residual  fluid.    A  dirty  bluish-gray  coloris  formed. 

3.  Formation  of  Bromine  ConqKninds. — Add  some  bromine  water 
to  a  little  of  the  fluid  under  examination.  Note  the  crystalline  precipi- 
tate of  tribromphenol  and  tribromcresol. 

Tests  for  Oxacids. 

1.  Color  Test^Test  a  little  of  the  solution  with  Millon's  reagent. 
A  red  color  results. 

2.  Bromine  Water  Test — Add  a  few  drops  of  brcmine  water  to 
some  of  the  filtrate.     A  turbidity  or  precipitate-  is  observed. 

Test  for  Skatole-carbonic  Acid. 

Ferric  Chloride  Test — Acidify  some  of  the  filtrate  with  hydro- 
chloric acid,  add  a  few  drops  of  ferric  chloride  solution,  and  heat.  Com- 
pare the  end-reaction  with  that  given  by  phenol. 


DigitizGd  by  Lj OOQ IC 


CHAPTER  XI. 
FECES. 


The  feces  is  the  residual  mass  of  material  remaining  in  the  intes- 
tine after  the  full  and  complete  exercise  of  the  digestive  and  absorptive 
functions  and  is  untimately  expelled  from  the  body  through  the  rectum. 
The  amount  of  this  fecal  discharge  varies  with  the  individual  and  the 
diet.  Upon  an  ordinary  mixed  diet  various  authorities  claim  that  the 
daily  excretion  by  an  adult  male  will  aggregate  ito-ijo  grams  with  a 
solid  content  ranging  between  25  and  45  grams;  the  fecal  discharge  of 
such  an  individual  upon  a  vegetable  diet  will  be  much  greater  and  may 


F  G    47       ^  CROSCOP  CAL  COVSTITtlENTS  ot  Feces       {v   J  k    h 
a  Muade  fibers  b    onncL      e    ssue       ep  thelium  d  leuciKylw  e  sp  ral   ells  f  g  h,  i, 
various  vegetable    ells   i      Inple  phosphate     crystals  I   woody  vegetab  c   ells     he  whole 
interspersed  with  innumerable  micro-urgausms  of  various  kinds, 

even  be  as  great  as  350  grams  and  possess  a  solid  content  of  75  grams. 
In  the  author's  own  experience  the  average  daily  output  of  moist  feces, 
calculated  on  the  basis  of  data  secured  from  the  examination  of  over  rooo 
stools,  was  about  100  grams.  The  variation  in  the  normal  daily  output 
being  so  great  renders  this  factor  of  very  little  value  for  diagnostic  pur- 
poses, except  where  the  composition  of  the  diet  is  accurately  known. 
Lesions  of  the  digestive  tract,  a  defective  absorptive  function,  or  increased 
peristalsis  as  well  as  an  admixture  of  mucus,  pus,  blood,  and  pathological 
products  of  the  intestinal  wall  may  cause  the  total  amount  of  excrement 
to  be  markedly  increased. 

The   fecal  pigment   of   the   normal   adult  is   hydrobilirubin.     This 
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pigment  originates  from  the  bilirubin  which  is  secreted  into  the  intes-  I 
tine  in  the  bile,  the  transformation  from  bihrubin  to  hydrobiJirubin  I 
being  brought  about  through  the  activity  of  certain  bacteria.     Hydro-  I 
bilirubin  is  sometimes  called  stercobiUn  and  bears  a  close  resemblance  ' 
to  urobilin  or  may  even  be  identical  with  that  pigment.     Neither  bilirubin 
nor  bihverdin  occurs  normaUy  in  the  fecal  discharge  of  adults,  although 
the  former  may  be  detected  in  the  excrement  of  nursing  infants.     The 
most  important  factor,  however,  in  determining  the  color  of  the  fecal 
discharge  is  the  diet.     A  mixed  diet,  for  instance,  produces  stools  which  ] 
vary  in  color  from  light  to  dark  brown,  an  exclusive  meat  diet  gives 
rise  to  a  brownish-black  stool,  whereas 
the  stool  resulting  from  a  milk  diet  is 
invariably  hght  colored.     Certain  pig- 
mented foods  such  as  the  chlorophylhc 
vegetables,  and  various  varieties  of  ber- 
ries, each  afford  stools  having  a  charac- 
teristic color.     Certain  drugs  act  in  a 
similar  way  to  color  the  fecal  discharge. 
This  is  well  illustrated  by  the  occurrence   , 
of   green    stools    following    the   use    of 
calomel  and  of  black  stools  after  bismuth 
ingestion.      The    green    color    of    the 
calomel  stool  is  generally  believed  to  be  due  to  biUverdin.     v.  Jaksch^ 
however,  claims  to  have  proven  this  \'iew  to  be  incorrect  since  he  was 
able  to  detect  hydrobiiirubin  (or  urobilin)  but  no  biliverdin  in  stools  after 
the  administration  of  calomel.     The  bismuth  stool  derives  its  color  from 
the  black  sulphide  which  is  formed  from  the  subnitrate  of  bismuth. 
In  cases  of  biliary  obstruction  the  grayish-white  acholic  stool  is  formed. 

Under  normal  conditions  the  odor  of  feces  is  due  to  skatole  and 
indole,  two  bodies  formed  in  the  course  of  putrefactive  processes  occurring 
•within  the  intestine  (see  page  i6()).  Such  bodies  as  methane,  methyl 
mercaptan,  and  hydrogen  sulphide  may  also  add  to  the  disagreeable 
character  of  the  odor.  The  intensity  of  the  odor  depends  to  a  large 
degree  upon  the  character  of  the  diet,  being  very  marked  in  stools  from 
a  meat  diet,  much  less  marked-in  stools  from  a  vegetable  diet,  and  fre- 
quently hardly  detectable  in  stools  from  a  milk  diet.  Thus  the  stool 
of  the  infant  is  ordinarily  nearly  odorless  and  any  decided  odor  may 
generally  be  readily  traced  to  some  pathological  source. 

A  neutral  reaction  ordinarily  predominates  in  normal  stools  although 
slightly  alkaline  or  even  acid  stools  are  met  with.  The  acid  reaction  is 
encountered  much  less  frequently  than  the  alkaline  and  then  commonly 
only  following  a  vegetable  diet. 


Fic.  48,  — H«HATOtDiN  Crystals  taoH 

Acholic  Stools,     {v.  Jaksck.) 

Color  ot  crystals  same  as  the  color  of 

those  in  Fig.  4a,  p.  161. 
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l8o  PHYSIOLOGICAL  CHEMISTRY 

Recent  experiments'  in  which  the  actual  hydrogen  ion  concentration 
of  the  feces  was  determined  indicated  that  the  reaction  of  the  excreta 
was  uniformly  sligkUy  alkaline.  Pronounced  dietary  changes  e.  g.,  low 
protein  diet,  high  protein  diet,  fasting,  water  drinking  with  meais,  pro- 
duced at  most  only  minor  changes  in  the  reaction  of  the  feces. 

The  form  and  consistency  of  the  stool  is  dependent,  in  large  measure, 
upon  the  nature  of  the  diet  and  particularly  upon  the  quantity  of  water 
ingested.  Under  normal  conditions  the  consistency  may  vary  from  a 
thin,  pasty  discharge  to  a  firmly  formed  stool.  Stools  which  are  ex- 
ceedingly thin  and  watery  ordinarily  have  a  pathological  significance. 
In  general  the  feces  of  the  carnivorous  animals  is  of  a  firmer  consistency 
than  that  of  the  herbivora. 

The  continued  ingestion  of  a  diet  which  is  very  thoroughly  digested 
and  absorbed  is  frequently  accompanied  by  the  formation  of  dry,  hard 
fecal  masses  (scybala).  Constipation  generally  results,  due  to  the  small 
bulk  of  the  feces  and  its  lack  of  moisture.  To  counteract  this  tendency 
toward  constipation  the  ingestion  of  agar-agar^  has  been  suggested.*  This 
agar  is  relatively  indigestible  and  readily  absorbs  water  thus  forming  a 
bulky  fecal  mass  which  is  sufficiently  soft  to  permit  of  easy  evacuation. 
The  function  of  agar  is  not  limited  to  its  use  in  connection  with  consti- 
pation ;  it  may  serve  in  other  capacities  as  an  aid  to  intestinal  therapeutics.  * 

It  is  frequently  desirable  for  clinical  or  experimental  purposes  to 
make  an  examination  of  the  fecal  output  which  constitutes  the  residual 
mass  from  a  certain  definite  diet.  Under  such  conditions,  it  is  customary 
to  cause  the  person  under  observation  to  ingest  some  substance,  at  the 
beginning  and  end  of  the  period  in  question,  which  shall  sufficiently 
differ  in  color  and  consistency  from  the  surrounding  feces  as  to  render 
comparatively  erfsy  the  differentiation  of  the  feces  of  that  period  from 
the  feces  of  the  immediately  preceding  and  succeeding  periods.  One 
of  the  most  satisfactory  methods  of  making  this  "separation"  is  by  means 
of  the  ingestion  of  a  gelatin  capsule  containing  about  0.2  gram  of  powdered 
charcoal  at  the  beginning  and  end  of  the  period  under  observation.  This 
procedure  causes  the  appearance  of  hva  black  zones  of  charcoal  in  the 
fecal  mass  and  thus  renders  comparatively  simple  the  differentiation  of 
the  feces  of  the  intermediate  period.  Carmine  {0.3  gram)  may  be  used  in 
a  similar  manner  and  forms  two  dark  red  zones.  Some  similar  method 
for  the  "separation  of  feces"  is  universally  practised  in  connection  with 
the  scientifically  accurate  type  of  nutrition  or  metabolism  experiment 

'  Howv  iind  Hawk;  Jour.  Bid.  Chtm.,  ii,  iig,  191a. 

'  Agar-agar  is  a  product  prepared  from  certain  tj-pes  of  Asiatic  sea-weed.  It  is  a  carbu- 
hydntc  and  is  classi&ed  as  a  galaclan  in  the  polysaccharide  group. 

•Mendel:  Zetil.f.  j«.  Phyiial.  u.Palk.  dti  Slc^tr.,  No.  17,  p.  i,  1908;  Schmidt:  Miinrlt. 
mrJ.  n'och..  51.  1970,  11105. 

*  Einhoru:  Bcrl.  ktin.  iVock.,  49,  113,  1911. 
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ikoe-d  the  iiS.-'WTaf;:  ImeKmal  jtarftiatt;..  undipfsicii  icw:  juaiicit*. 
gtl]  siomts-.  TitiiKuopca]  pri»hK^  cc  the  inicKiTUL!  wjOj,  cnr«yililfe« 
JEtesnaa]  saac-  tad  obieos  itiodi  hs^r  b«a  aociicnuJI;-  *.v3i]V>nwsi 

Tbt  itcsl  rccsaiaenis  wiiii  «  \-aTi>a5  rimes  *iid  -jikVt  ^ntwnt 
ocmiitioni  may  be  dM«-i*d  by  ibe  use  oi  ibf  mxiv^sc'^c  *«•  *s  n-JW-s; 
CocsntaeEi?  oe^T^^  from  ihe  f»x>3.  >Ui.-i  a?  w*Avr  iwrs,  .vwwftaw^ 
u.uwf  iw-ficj.  ssjr.'i  [^amaurf.  aM  'oi:  i.vnMvi  ctrmcnts  ii<Ti>t\i  l>v«n 
the  iciei-tmaj  Tran,  sadi  45  rrtJ^nVvM.  trytiirA'yrtcf,  ai>,3  Mm-A->«r;^.- 
inutLfs  t^F  cfirpiisrir!:  pv-asilts  xDdhc,-Stnj.  InstMhiitn  10  ihc  <\iRsrim^ 
t3Hs  naiced  ibe  iolloviii|;  tr^siaijimr  Ar/v).tM.«  ina>' 
be  deii^led:  litei^jMrti.  ivaps.  "jJiy  A-ia.  'M.  HsmmJk 
suipiiidf.  offmaimiim.  "Iritir  pints pk::^."  ("ijr.vv- 
Lrydtfi  crysitiis.  and  the  axalale.  c<7rf«tK^.«'.  pln/isthMf, 
stJfiiuU.  and  i^ntaU  of  caJdum. 

Tbe  detectioD  of  iniiiute  quantities  ot  bkxid  in  the 
lece&  '■'ocoilt  blood"l  has  recently  became  a  iwmS" 
nized  aid  to  a  correct  diagnosis  of  cenain  <ii$or\]en^ 
In  these  instances  the  hemorrhage  is  onlinarily  st>  slij^t  th«t  the 
identincation  by  means  of  macrosoc^cal  characteristics  a5  well  a$  the 
microscopical  identification  through  the  detecUim  of  er^'thr\x'A'ie« 
are  both  UDsatislactor>-  in  their  results  Oi  the  IiM^ts  gi\Tn  fttr  the 
detection  of  "occult  blood"  the  htmsiJime  rruWtVw  and  the  ^Aemtf- 
phihaltin  and  aioin-tmrpentinr  tests  (page  185^  are  imJwWy  the  nust 
satisfacton.  Since  "occult  blood"  tKcurs  with  cxmsidonihle  nTpil»rity 
and  frequeno.'  in  gastrointestinal  cancer  and  in  gastric  and  duodena) 
ulcer,  its  detection  in  the  feces  is  of  especial  x-alue  as  an  aid  to  a  correct 
diagnosis  of  these  disorders. 

It  has  been  quite  clearly  shown  that  the  intestine  of  the  newly  Iwm 
is  sterile.  However,  this  condition  is  quickly  altereii  and  bacteria  may 
be  present  in  the  feces  before  or  after  the  tirst  ingestion  of  ftx^t,  Thcff 
are  three  possible  means  of  infecting  the  intestine,  1.  c.  by  way  of  the 
mouth  or  anus  or  through  the  blood.  The  infection  by  moans  of  the 
blood  seldom  occurs  except  under  pathological  conilitions,  thus  limiUttg 
the  general  infection  to  the  mouth  and  anus. 

In  infants  with  pronounced  constipation  twtvthirtls  of  the  dry  sub- 
stance of  the  stools  has  been  found  to  consist  of  bacteria.  In  (he  stooU 
of  normal  adults  probably  about  one-third  of  the  dr)-  suiistanceis  Imctcria.  * 
o  compriso  49  [let  ii-nt  «(  the  ilrj'  mallvr. 
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The  average  excretion  of  dry  bacteria  in  twenty-four  hours  for  an  adult 
is  about  8  grams.  The  output  of  fecal  bacteria  has  been  found  to  undergo 
a  decrease  under  the  influence  of  water  drinking  with  meals.'  There  was 
also  a  decrease  in  intestinal  putrefaction,'  a  fact  which  indicates  that  at 
least  a  part  of  the  bacterial  deficit  was  made  up  of  putrefactive  organisms. 
Over  50  per  cent  of  the  total  nitrogen  of  feces  has  been  shown  to  be 
baclerial  nitrogen} 

Various  enzymes  have  been  detected  in  the  feces.  The  first  one  so 
demonstrated  was  pancreatic  amylase.'  The  amylase  content  of  the 
feces  is  believed  to  be  an  index  of  the  activity  of  the  pancreatic  function.' 
The  excretion  of  this  enzyme  has  been  found  to  increase  under  the 
influence  of  water  drinking  with  meals.'  Other  enzymes  which  have 
been  found  in  the  feces  under  various  conditions  are  trypsin,  rennin, 
maltase,  sucrase,  lactase,  nuclease  and  lipase.^ 

Some  of  the  more  important  organisms  met  with  in  the  feces  are  the 
following;*  B.  coli,  B.  lactis  aerogeties.  Bad.  Welchii,  B.  bijidus,  and 
coccal  forms.  Of  these  the  first  three  types  mentioned  are  gas-forming 
organisms.  The  production  of  gas  by  the  fecal  flora  in  dextrose- bouillon 
is  subject  to  great  variations  under  pathological  conditions:  alterations 
in  the  diet  of  normal  persons  will  also  cause  wide  fluctuations.  In  this 
connection  Herter  has  observed  a  marked  reduction  or  even  complete 
cessation  of  gas  production  by  the  mixed  fecal  bacteria  while  considerable 
doses  of  benzoate  were  being  given.  A  return  to  the  former  plane  of  gas 
production  followed  the  discontinuation  of  the  benzoate.^  Data  as  to  the 
production  of  gas  are  of  considerable  importance  in  a  diagnostic  way 
although  the  exact  cause  of  the  variations  is  not  yet  estabUshed.  It 
should  be  borne  in  mind  in  this  connection  that  gas  volumes  are  frequently 
variable  with  the  same  individual.  For  this  reason  it  is  necessary  in 
every  instance  to  follow  the  gas  production  for  a  considerable  period  of 
time  before  drawing  conclusions.'" 

The  nitrogen  present  in  the  feces  consists  principally  of  bacteria, 
unabsorhed  intestinal  secretions,  epithelial  cells,  mucus  material  and  food 
residues.    In  the  early  days  of  nutrition  study  the  fecal  nitrogen  was 

;  Blalhcrwick,  Sherwin  and 


:;  Blalherwick,  Sherwin  and  Hawk: 


'  Maltill  Mid  Hawk:  Jaiir.Am.Ckcin.  Soe.,  33,  109 
Hawb:  Jour.  Biol.  Ckcm.,  11,  viii,  1912  (Procceduigs). 
»  Hattxecn  and  Hawk:  Arch.  Inl.  Med.,  7,  6ia 

■MacNeol,  Latzer  and  Kerr:  Jour.  Inf.  Dis.,  6,  113,  igog;  Matlill  and  Hawk:  Jour. 
Exp.  Med.,  14,  433,  iQii;  Blalherwick  and  Hawk:  Unpublished  data, 
•Wegscheider:  Inaut-  D>«.,  Slraasburg,  1875- 
•  Wohlgemuth:  Btrl.  klin.  Woch.,  47.  3,  9».  "9"o- 
*Hawk:  Arck.  Int.  Med.,8.  i&i.ign- 
'Ury:  Biochem.Znt.,  23,  is»,  1909. 

'  Herter  and  Kendall:  Jimrnai  of  Biologieal  ClicfnUlry,  s,  sSj,  1908. 
t*" Private  communicnlion  from  Professor  C.  A.  Hcrler, 
^Herter  and  KendaQ:  toe.  cU. 
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bdievcd  to  oonast  prmc^ialh-  of  food  re9(hie&  We  now  know  that  aidi 
residues  ordiiianh'  make  up  bat  a  small  part  of  the  nitrogm  quota  of  the 
stools  of  normal  indh'iduals  who  exaxiise  oomial  masticati<»i.'  \M)en 
meat  has  been  "bolted/'  however,  from  i  1  gram  to  16  grams  of  macro- 
sct^Mcal  meat  resdues  has  been  found  in  a  sin^e  stool.*  The  phrase 
"metaboUc  product  nitn^en''  is  frequently  used  as  a  designaticm  for 
all  fecal  nitrogen  except  that  present  as  food  residues  and  bacterid. 
Bacteria  cannot  lo^calJy  be  classed  under  "metabolic ''  nitrogen  siDCr 
the\'  doubtless  de%'«k^  at  the  ezpense  of  food  nitn^en  as  wdl  as  at  the 
expense  of  that  in  the  form  of  intestinal  secretions.  In  the  accurate 
study  of  "  proton  utilization  ''*  a  correction  should  be  made  for  "metabolic 
nitrogen."  Data  regarding  the  output  of  metabolic  nitrogen  may  be 
secured  by  determining  the  fecal  nitrogen  excretion  on  a  diet  of  pnqier 
.energx'  \'alue  but  containing  no  nitrogen.*  Agar-agar  may  be  utilized 
ad\-antageously-in  connection  with  such  a  rdtrogen-free  diet 

Feces  is  still  excreted  from  the  intestine  e\-en  when  no  food,  is  ingested. 
Carefully  conducted  fasting  experiments  ha\'e  demonstrated  this.  A  dog 
nourished  on  an  ordinary'  diet  to  which  bone  ash  has  been  added  will 
excrete  a  grey  feces.  When  fasted  such  an  animal  will,  after  a  few  da>'S, 
excrete  a  small  amount  of  a  greenish-brown  mass,  containing  no  hone  ask. 
This  is  fasting  feces.  It  is  of  a  pitch-like  consistenc}*  and  turns  black 
on  contact  with  the  air.'  Adult  fasting  men  h&ve  been  found  to  excrete 
7-8  grams  of  feces  per  day,  the  daUy  nitrogen  \-alue  being  about  o .  i  gram.* 
No  separating  medium  such  as  charcoal  or  carmine  (p.  180)  should  be  used 
in  differentiating  fasting  feces. 

In  recent  years  the  examination  of  feces  for  eWdences  of  parasitism 
(detection  of  parasites  and  their  ova)  has  taken  on  an  added  importance. 
The  investigation  of  the  hookworm  has  been  particularly  developed.  (For 
methods  and  discussion  see  Bulletin  135,  Bureau  of  Animal  Industry, 
U.  S.  Department  of  Agriculture,  1911,  M.  C.  Hall.) 

For  diagnostic  purposes  the  macroscopical  and  microscopical  exami- 
nations of  the  feces  ordinarily  j-ield  much  more  satisfactory  data  than 
are  secured  from  its  chemical  examination. 

'  Kcrmauncr:  Zeil.fiir  Biol.,  3s,  316,  1897. 

'  Foster  and  Hawk:  Procetdints  0}  Eighth  Intcrnalional  CoKgress  of  Applied  Ckrm.,  New 
York,  September,  igii. 

•The  percentage  of  the  ingested  protein  which  is  absorbed  from  the  intestine.  This 
may  be  calculated  by  subtracting  the  metabolic  nitrogen  from  the  total  tecal  nitrogen  and 
dividing  this  value  by  the  food  nitrogen. 

•Tsuboi;  Ziil.  far  Biol.,  35,  68,  1897;  Mendel  and  Fine:  Jour.  Biol.  Chtm.,  it,  s.xgia. 

•  Howe  and  Hawk:  Jovr.  Am.  Chem.  Soc,  ,13,  215,  1911. 

'  Howe,  Mattill  and  Hawk:  Ibid.,  33,  568,  1911. 


DigitizGd  by  Lj OOQ IC 


physiological  chemistry 
Experiments  on  Feces. 


I.  Macroscopical  Examination.— If  the  stool  is  watery  pour  it 
into  a  shallow  dish  and  examine  directly.  If  it  is  firm  or  pasty  it  should 
be  treated  with  water  aud  carefully  stirred  before  the  examination  for 
macroscopical  constituents  is  attempted. 

The  macroscopical  constituents  may  be  collected  very  satisfactorily 
by  means  of  a  Boas  sieve  (Fig.  50).  This  sieve  is  constructed  of  two 
easily  detachable  hemispheres  which  are  held  together  by  means  of  a 
bayonet  catch.     In  using  the  apparatus  the  feces  is  spread  out  upon  a 

♦      very  fine  sieve  contained  in  the  lower  hemisphere  and 
a  stream  of  water  is  allowed  to  play  upon  it  through 
the  medium  of  an  opening  in  the  upper  hemisphere. 
The   apparatus   is  provided   with   an   orifice  in   the 
upper  hemisphere  through  which  the  feces  may  be' 
stirred  by  means  of  a  glass  rod  during  the  washing 
process.     After  15-30  minutes'  washing  nothing  but 
the  coarse  fecal  consUtuenls  remain  upon  the  sieve. 
2.  Microscopical     Examination.— Watery  stools 
should  be  placed  in  a  shallow  dish,  thoroughly  mixed, 
and  a  small  amount  removed  to  a  slide  for  examina- 
tion.    Stools  of  a  firm  or  pasty  consistency  should  be 
rubbed  up  in  a  mortar  with  physiological  salt  solution 
Pi<;,  50,— Borts'        and  a  small  portion  of  the  resulting  mbcture  trans- 
ferred to  a  slide  for  examination.     In  normal  feces 
look  for  food  particles,  bacteria  and  crystalline  bodies.     In  pathological 
stools,  in  addition  to  these  substances,  look  for  anivial  parasites  and 
pathological  products  of  the  intestinal  wall.     See  Fig.  47,  page  178. 

3.  Reaction. — Thoroughly  mix  the  feces  and  apply  moist  red  and 
blue  litmus  papers  to  the  surface.  If  the  stool  is  hard  it  should  be 
mixed  with  water  before  the  reaction  is  taken.  Examine  the  stool 
as  soon  after  defecation  as  is  convenient,  since  the  reaclian  may  change 
very  rapidly.  The  reaction  of  the  normal  stools  of  adult  man  is  ordi- 
narily neutral  or  faintly  alkaline  to  litmus,  but  seldom  acid.  Infants' 
stools  are  generally  acid  in  reaction.  Try  the  reaction  to  Congo  red  paper. 
Also  test  the  reaction  of  fecal  extract  to  phenolphthalein. 

4.  Starch. — If  any  imperfectly  cooked  starch-containing  food  has 
been  ingested  it  will  be  possible  to  detect  starch  granules  by  a  micro- 
scopical examination  of  the  feces.  If  the  granules  are  not  detected 
by  a  microscopical  examination,  the  feces  should  be  placed  in  an  evaporat- 
ing dish  or  casserole  and  boiled  with  water  for  a  few  minutes.  Filter 
and  test  the  filtrate  by  the  iodine  test  in  the  usual  way  (see  page  50). 
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5-  Cholesterol  and  Fat.— Extract  the  dry  feces  with  ether  in  a 
SoxhJet  apparatus  (see  Fig.  136).  If  this  apparatus  is  not  available 
transfer  the  dry  feces  to  a  flask,  add  ether,  and  shake  frequently  for 
a  few  h(jurs.  Filter  and  remove  the  ether  by  evaporation.  The  residue 
contains  cholesterol  and  the  mixed  fats  of  the  feces.  For  every  gram 
of  fat  add  about  i  i/z  grams  of  solid  potassium  hydroxide  and  25  c.c, 
of  95  per  cent  alcohol  and  boil  in  a  flask  on  a  water-bath  for  one-half 
hour,  maintaining  the  volume  of  alcohol  constant.  This  alcoholic- 
potash  has  saponified  the  mixed  fats  and  we  now  have  a  mixture  of 
soaps  and  cholesterol.  ■  Add  sodium  chloride,  in  substance,  to  the  mixture 
and  extract  with  ether  to  dissolve  out  the  cholesterol.  Remove  the  ether 
by  evaporation  and  examine  the  residue  microscopically  for  cholesterol 
crystals.     Try  any  of  the  other  tests  for  cholesterol  as  given  on  page  272. 

6,  Blood. — Undecomposed  blood  may  be  detected  macroscopically. 
If  uncertain,  look  for  erythrocytes  under  the  microscope,  and  spectro- 
scopically  for  the  spectrum  of  oxyhsemoglobin  (see  Absorption  Spectra, 
Plate  I). 

In  case  the  blood  has  been  altered  or  is  present  in  minute  amount 
("occult  blood"),  and  cannot  be  detected  by  the  means  just  mentioned, 
the  following  tests  may  be  tried: 

(0)  Benzidine  Reaction. — Make  a  thin  fecal  suspension  using  about 
S  c.c.  of  distilled  water,  and  heat  it  to  boiling  to  render  oxidizing  enzymes 
inactive.  To  2  c.c.  of  a  saturated  solution  of  benzidine  in  glacial  acetic 
acid  add  3  c.c.  of  3  per  cent  hydrogen  peroxide  and  2-3  drops  of  the  cooled 
fecal  suspension.  A  clear  green  or  blue  color  appears  within  1-2  minutes 
in  the  presence  of  blood.  If  the  mixture  is  nol  shaken  a  ring  of  color  will 
form  at  the  top.  Minute  traces  of  blood  are  more  easily  detected  by  the 
latter  procedure. 

(&)  Phenol phtlmlein  Test.' — Make  a  thin  fecal  suspension  using 
about  5  c.c.  of  distilled  water.  Heat  to  boiling^  cool  and  add  2  c.c.  of 
the  suspension  to  r  c.c.  of  the  phenoJphthalein  reagent'  and  a  few  drops 
of  hydrogen  peroxide.  A  pink  or  red  color  promptly  forms  in  the  presence 
of  blood. 

(c)  Aloin-lurpttitine  Test. — Mix  the  stool  very  thoroughly  and  take 
about  5  grams  of  the  mixture  for  the  test.  Reduce  this  sample  to  a 
semi-fluid  mass  by  means  of  distilled  water  and  extract  very  thoroughly 

'  Boas:  t»<'H(.  J/«f.  H'ocA.p  37,  6s,  :gii. 

'  Boas  suggests  u^ng  an  ether  extract  nf  the  frcol  suspension  thus  eliminating  the 
necesMty  of  boiling.  However,  oxidizing  enzyraes  ate  the  main  sources  of  error  here  and  the 
action  is  easily  and  eflectively  eliminated  by  boiling.  (See  White:  Botlou  Medical  and 
StiT^ciU  Journal,  164,  S76,  igii.) 

"  Prepared  by  dissolving  i-igramsof  phcnolphLhalcinand  25  grams  of  KOH  in  100  c.c. 
of  distilled  water.  Add  to  grams  of  powdered  zinc  and  heat  gently  unUl  the  soluUon  is 
<lecoionzed.     Prepared  in  this  way  the  solution  will  not  deteriorate  un  standing. 
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with  an  equal  volume  of  ether  to  remove  any  fat  which  may  be  present. 
Now  treat  the  extracted  feces  with  one-third  i1s  volume  of  glacial  acetic 
acid  and  lo  ex.  of  ether  and  extract  very  thoroughly  as  before.  The 
acid-ether  extract  will  rise  to  the  top  and  may  be  removed. 

Introduce  2-3  c.c,  of  this  acid-ether  solution  into  a  test-tube,  add  an 
equal  volume  of  a  dilute  solution  of  aloin  in  70  per  cent  alcohol  and  2-3 
c.c.  of  ozonized  turpentine  and  shake  the  lube  gently.  If  blood  is  present 
the  entire  volume  of  fluid  ordinarily  becomes  pink  and  finally  cherry-red. 
In  some  instances  the  color  will  be  limited  to  the  aloin  solution  which 
sinks  to  the  bottom.  This  color  reaction  should  occur  within  fifteen 
minutes  in  order  to  indicate  a  positive  test  for  blood,  since  the  aloin  will 
turn  red  of  itself  if  allowed  to  stand  for  a  longer  period.  The  color  is 
ordinarily  Hght  yellow  in  a  negative  test.  Hydrogen  peroxide  is  not  a 
satisfactory'  substitute  for  turpentine  in  the  test. 

(d)  Weber's  Guaiac  Test. — Mix  a  little  feces  with  30  per  cent  acetic 
acid  to  form  a  fluid  mass.  Transfer  to  a  test-tube  and  extract  with  ether. 
If  blood  is  present  the  ether  will  assume  a  brownish-red  color.  Filter 
off  the  ether  extract  and  to  a  portion  of  the  filtrate  add  an  alcoholic  solu- 
tion of  guaiac  {strength  about  i :  6c), '  drop  by  drop,  until  the  fluid  becomes 
turbid.  Now  add  hydrogen  peroxide  or  old  turpentine.  In  the  presence 
of  blood  a  blue  color  is  produced  (see  page  209). 

{e)  Cowie's  Guaiac  Test. — To  i  gram  of  moist  feces  add  4-5  c.c.  of 
glacial  acetic  acid  and  extract  the  mixture  with  30  c.c.  of  ether.  To  1-2 
c.c.  of  the  extract  add  OK  equal  volume  tf/a'a/tT,  agitate  the  mixture,  intro- 
duce a  few  granules  of  powdered  guaiac  resin,  and  after  bringing  the  resin 
into  solution,  gradually  add  30  drops  of  old  turpentine  or  hydrogen 
peroxide.  A  blue  color  indicates  the  presence  of  blood,  Cowie  claims 
that  by  means  of  this  test  an  intestinal  hemorrhage  of  i  gram  can  easily 
be  detected  by  an  examination  of  the  feces. 

(/)  A  cid-Iitrmatln.- — Examine  some  of  the  ethereal  extract  from 
Experiment  (d)  spectroscopicaUy.  Note  the  typical  spectrum  of  actd- 
hiematin  (see  Absorption  Spectra,  Plate  II). 

7.  Hydrobilirubin.  Schmidt's  Test.—'Ra'h  up  a  small  amount  of 
feces  in  a  mortar  with  a  concentrated  aqueous  solution  of  mercuric  chloride. 
Transfer  to  a  shallow,  flat-bottomed  dish  and  allow  to  stand  6-24  hours. 
The  presence  of  hydrobilirubin  will  be  indicated  by  a  deep  red  color  being 
imparted  lo  the  particles  of  feces  containing  this  pigment.  This  red  color 
is  due  to  the  formation  of  hydrobilirubin-mercury.  If  unaltered  bilirubin 
is  present  in  any  portion  of  the  feces  that  portion  will  be  green  in  color  due 
to  the  oxidation  of  bilirubin  to  biliverdin. 


n  alcoholic  solution  of  guaiacunic  ncid  instc.td  of  a 
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Another  method  for  the  detection  of  hydrobilirubin  is  the  following: 
Treat  the  dry  feces  with  absolute  alcohol  acidified  with  sulphuric  acid 
and  shake  thoroughly.  The  acidified  alcohol  extracts  the  pigment  and 
assumes  a  reddish  color.  Examine  a  little  of  this  fluid  spectroscopically 
and  note  the  typical  spectrum  of  hydrobilirubin  (Absorption  Spectra, 
Plate  II). 

8.  Bilirubin.^  (a)  Gptelin's  Test. — Place  a  few  drops  of  concentrated 
nitric  acid  in  an  evaporating  dish  or  on  a  porcelain  test-tablet  and  allow  a 
few  drops  of  the  feces  and  water  to  mix  with  it.  The  ttsual  play  of  colors 
of  Gmelin's  test  is  produced)  i.  e.,  green,  blue,  violet,  red,  and  yellow. 
If  so  desired,  this  test  may  be  executed  on  a  slide  and  observed  under  a 
microscope. 

(6)  Happert's  Test. — Treat  the  feces  with  water  to  form  a  semi-flmd 
mass,  add  an  equal  amount  of  milk  of  lime,  shake  thoroughly,  and  filter. 
Wash  the  precipitate  with  water,  then  transfer  both  the  paper  and  the 
precipitate  to  a  small  beaker  or  flask,  add  a  small  amount  of  95  per  cent 
alcohol  acidified  slightly  with  sulphuric  add,  and  heat  to  boiling  on  a 
water-bath.  The  presence  of  bilirubin  is  indicated  by  the  alcohol 
assuming  a  green  color. 

Steensma  advises  the  addition  of  a  drop  of  a  0.5  per  cent  solution  of 
sodium  nitrite  to  the  acid-alcohol  mixture  before  warming  on  the  water- 
bath.    Try  this  modification  also. 

9.  Bile  Adds. — Extract  a  small  amount  of  feces  with  alcohol  and 
filter.  Evaporate  the  filtrate  on  a  water-bath  to  drive  off  the  alcohol 
and  dissolve  the  residue  in  water  made  slightly  alkaline  with  potasdum 
hydroxide.  Upon  this  aqueous  solution  try  any  of  the  tests  for  bile  adds 
given  on  page  163. 

ro.  Caseinogen. — Extract  the  fresh  feces  first  with  a  dilute  solution 
of  sodium  chloride,  and  later  with  water  acidified  with  dilute  acetic 
add,  to  remove  soluble  proteins.  Now  extract  the  feces  with  0.5  per 
cent  sodium  carbonate  and  filter.  Add  dilute  acetic  add  to  the  filtrate 
to  precipitate  the  caseinogen,  being  careful  not  to  add  an  excess  of  the 
reagent  as  the  caseinogen  would  dissolve.  Filter  off  the  caseinogen  and 
test  it  according  to  directions  given  on  page  241.  Casdnogen  is  found 
principally  in  the  feces  of  children  who  have  been  fed  a  milk  diet.  Mucin 
would  also  be  extracted  by  the  dilute  alkali,  if  present  in  the  feces.  What 
test  could  )ou  make  on  the  newly  precipitated  body  to  differentiate 
between  mucin  and  caseinogen? 

II.  Nucleoprotein.— Mix  the  stool  thoroughly  with  water,  transfer 
to  a  flask,  and  add  an  equal  amount  of  saturated  lime  water.    Shake 

'  The  dflection  of  bilirubin  in  the  feces  is  comparatively  simple  provided  it  is  not  accom- 
panied b>'  other  pigments.  When  other  pigments  are  present,  however,  it  is  difficult  to 
detect  the  bilirubin  and,  at  times,  may  be  found  impossible. 
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frequently  for  a  few  hours,  filter,  and  precipitate  the  nucleo-protein  with 
acetic  acid.     Filter  off  this  precipitate  and  test  it  as  follows: 

(a)  Phosphorus. — Test  for  phosphorus  by  fusion  (see  page  271). 

(6)  Solubility. — Try  the  solubility  in  the  ordinary  solvents. 

{c)  Proteiii  Color  Test. — Tr>'  any  of  the  protein  color  tests. 

What  proof  have  you  that  the  above  body  was  not  mucin?  What 
other  test  can  you  use  to  differentiate  between  nucleoprotein  and  mucin? 

12.  Albumin  and  Globulin.^Extract  the  fresh  feces  with  a  dilute 
solution  of  sodium  chloride.  (The  preliminary  extract  from  the  prepa- 
ration of  caseinogeii  (10).  above,  may  be  utilized  here.)  Filter,  and 
saturate  a  portion  of  the  filtrate  ivith  sodium  chloride  in  substance,  A 
precipitate  signifies  globulin.  Filter  off  the  precipitate  and  acidify  the 
filtrate  slightly  with  dilute  acetic  acid.  A  precipitate  at  this  point  signi- 
fies albumin.     Make  a  protein  color  test  on  each  of  these  bodies. 

13.  Proteose  and  Peptone.^ — Heat  to  boiling  the  portion  of  the 
sodium  chloride  extract  not  used  in  the  last  experiment.  Filter  off  the 
coagulum,  if  any  forms.  Acidify  the  filtrate  slightly  with  acetic  acid  and 
saturate  with  sodium  chloride  in  substance.  A  precipitate  here  indicates 
proteose.  Filter  it  off  and  test  it  according  to  directions  given  on  page 
1 20.     Test  the  filtrate  for  peptone  by  the  biuret  test. 

14.  Inorganic  Constituents.^Prepare  a  dilute  aqueous  solution 
of  dry  feces  and  decolorize  it  by  means  of  purified  animal  charcoal. 
Make  the  following  tests  upon  the  clear  solution. 

(a)  Chlorides. — Acidify  with  nitric  acid  ajid  add  silver  nitrate. 

(b)  Phosphates. — Acidify  with  nitric  acid,  add  molybdic  solution, 
and  warm  gently. 

(c)  Sulphates. -^P^clAiiy  with  hydrochloric  acid,  add  barium  chloride, 
and  warm. 

15.  Konto's  Reaction  for  Indole.^ — Rub  up  the  stool  with  water 
to  form  a  thin  paste.  From  this  point  the  test  is  the  same  as  for  the 
detection  of  indole  in  putrefaction  mixtures  (see  page  176). 

16.  Schmidt's  Nuclei  Test. — This  test  serves  as  an  aid  to  the  diag- 
nosis of  pancreatic  insufficiency.  The  test  is  founded  upon  the  theory 
that  cell  nuclei  are  digestible  only  in  pancreatic  juice,  and  therefore 
that  the  appearance  in  the  feces  of  such  nuclei  indicates  insufficiency  of 
pancreatic  secretion.  The  procedure  is  as  follows:  Cubes  of  fresh  beef 
about  one-half  centimeter  square  are  enclosed  in  small  gauze  bags  and 
ingested  with  a  test  meal.  Subsequently  the  fecal  mass  resulting  from 
this  test-meal  is  examined,  the  bag  opened,  and  the  condition  of  the 
enclosed  residue  determined.  Under  normal  conditions  the  nuclei  would 
be  digested.  Therefore  if  the  nuclei  are  found  to  be  for  the  most  part 
undigested,  and  the  intervening  period  has  been  sufficient  to  permit 
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the  full  activity  of  the  pancreatic  function  (at  least  six  hours),  it  may  be 
considered  a  sign  of  pancreatic  insufficiency. 

It  has  been  claimed  by  Steele  that  under  certain  conditions  the  non- 
digestion  of  the  nuclei  may  indicate  a  general  lowering  of  the  digestive 
power  rather  than  a  true  pancreatic  insufficiency. 

Kashiwado'  has  recently  suggested  the  use  of  stained  cell  nuclei  in 
this  test. 

1 7.  Einhom's  Bead  Test.' — This  is  a  method  for  testing  the  digestive 
function.  In  some  respects  it  is  similar  to  Sahli's  desmoid  reaction. 
The  procedure  consists  in  wrapping  the  material  under  examination 
(catgut,  fish-bone,  raw  beef,  cooked  potatoes,  thymus  gland  or  mutton 
fat.  etc.)  in  gauze  to  which  glass  beads  of  various  colors  are  attached  and 
enclosing  gauze  and  beads  in  a  gelatine  capsule.'  The  gelatine  capsule 
is  swallowed  and  the  beads  serve  to  facilitate  the  separation  of  the  gauze 
from  the  fece?.  The  residue  within  the  gauze  is  then  examined.  If 
beads  appear  in  much  less  than  24  hours  an  accelerated  motility  is  indi- 
cated, whereas  an  interval  of  48  hours  or  over  elapsing  indicates  retarded 
motility.  If  gastric  function  alone  is  to  be  studied  silk  threads  are 
attached  to  the  beads  and  the  latter  are  withdrawn  and  examined  before 
they  have  passed  into  the  intestine. 

18. — "Separation"  of  Feces. — In  order  to  become  familiar  with  the 
method  ordinarily  utilized  in  metabolism  experiments  to  differentiate  the 
feces  which  corresponds  to  the  food  ingested  during  any  given  interval, 
and  at  the  same  time  to  secure  data  as  to  the  length  of  time  necessary 
for  ingested  substances  to  pass  through  the  alimentary  tract  proceed  as 
follows:  Just  before  one  of  the  three  meals  of  the  day  ingest  a  gelatine 
capsule  (No.  00)  containing  0.2-0.3  **^  ^  gram  of  carmine  or  charcoal. 
Make  an  inspection  of  all  stools  subsequently  dropped  and  note  the  time 
interval  elapsing  between  the  ingestion  of  the  capsule  and  the  appearance 
of  its  contents  in  the  feces.  Under  normal  conditions  lliis  period  is  ordi- 
narily 24  hours. 

iQ.  Quantitative  Determination  of  Fecal  Amylase  (The  Author's* 
Modification  of  Wohlgemuth's'  Method). — Weigh  accurately  about  2 
grams  of  fresh  feces  into  a  mortar,^  add  8  c.c.  of  a  phosphate-chloride 
solution  (o.i  niol  dihydrogen  sodium  phosphate  and  0.2  mol  disodium 
hydrogen  phosphate  per  liter  of  i  per  cent  sodium  chloride),  2  c.c.  at  a 
time,  rubbing  the  feces  mixture  to  a  homogeneous  consistency  after  each  ad- 

'  Kashiwado:  Deut.  Arch.  Klin,  Med.,  104,  584,  iqii. 

'Einhorn:  Thf  Pail-Gradualc.  May,  19:1:  Boas'  Arch.,  11,  26,  igo6;  13,  35,  1907;  Ibid, 
475;  iS..P!>n  2,  1909. 

'Ordinarily  Lwo  substances  are  attached  ta  each  bead,  three  beads  lied  to^clher  and 
enclosed  in  one  capsule.     Test  capsules  may  beobta.incd  from  I^imcr  and  Amend,  New  York. 

"Hawk:  Arch.  Int.  Mr.d.,i.  ss^.  'Q'l. 
WohlRemulh:  Brrl.  klin.  Woch..  47,  3,9a,  itiioi  alsosee  chapter  on  Enzymes,  this  boot. 
Duplicate  determinations  should  be  made. 
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dition  of  the  extraction  medium.  Permit  the  mixture  to  stand  at  room 
temperature  for  a  half-hour  with  frequent  stirring.  We  now  have  a  neutral 
fecal  suspension.  Transfer  this  suspension  to  a  15  c.c.  graduated  centrifuge 
tube,  beingsure  to  wash  the  mortar  and  pestle  carefully  with  the  phosphate* 
chloride  solution  and  add  all  washings  to  the  suspension  in  the  centrifuge 
tube.  The  suspension  is  now  made  up  to  the  15  c.c.  mark  with  the 
phosphate-chloride  solution  and  centrifugated  for  a  fifteen-minute  period, 
or  longer  if  necessary,  to  secure  satisfactory  sedimentation.  At  this  point, 
read  and  record  the  height  of  the  sediment  column.  Remove  the  super- 
natant liquid  by  means  of  a  bent  pipette,  transfer  it  to  a  50  c.c.  volumetric 
flask  and  dilute  it  to  the  50  c.c.  mark  with  the  phosphate-chloride  solution. 
Mix  the  fecal  extract  thoroughly  by  shaking  and  determine  its  amylolytic 
activity.  For  this  purpose  a  series  of  six  graduated  tubes  is  prepared,  con- 
taining volumes  of  the  extract  ranging  from  2.5  c.c.  to  0.078  c.c.  Each  of 
the  intermediate  tubes  in  this  series  will  thus  contain  one-half  as  much 
fluid  as  the  preceding  tube.  Now  make  the  contents  of  each  tube  2.5 
c.c.  by  means  of  the  phosphate-chloride  solution  in  order  to  secure  a  uni- 
form electrolyte  concentration.  Introduce  5  c.c.  of  a  :  per  cent  soluble 
starch  solution'  and  three  drops  of  toluol  into  each  tube,  thoroughly  mbc 
the  contents  by  shaking,  close  the  tubes  by  means  of  stoppers  and  place 
them  in  an  incubator  at  38°  C.  for  twenty-four  hours.  At  the  end  of  this 
time  remove  the  tubes,  fiJl  each  to  within  half  an  inch  of  the  top  with  ice- 
water,  add  one  drop  of  tenth-normal  iodin  solution,  thoroughly  mix  the 
contents  and  examine  the  tubes  carefully  with  the  aid  of  a  strong  light. 
Select  the  last  tube  in  the  series  which  shows  entire  absence  of  blue  color, 
thus  indicating  that  the  starch  has  been  completely  transformed  into  dex- 
trin and  sugar,  and  calculate  the  amylolytic  activity  on  the  basis  of  this 
dilution.  In  case  of  indecision  between  two  tubes,  add  an  extra  drop  of 
the  iodin  solution  and  observe  them  again.' 

'  In  preparing  the  i  per  cent  solution,  the  weighed  starch  powder  should  be  dissolved 
in  cold  distillfd  water  in  a  casserole  and  stirred  until  a  homogeneous  suspension  Jsobtained. 
The  mixture  should  then  be  healed  with  constant  stirring,  until  itisclesr.  This  ordinarily 
ukes  from  eight  to  ten  minutes.  A  slightly  opaque  solution  is  Ihus  obtained,  which 
should  be  cooled  and  made  up  to  the  proper  votume  before  usng. 

'  Theoretically  we  would  e.vpecl  the  colors  to  range  from  a  light  yellow  to  a  dark  blue, 
with  red  tubes  holding  an  intermediate  posi  tioo  iu  the  series.  This  color  sequence  docs  often 
occur,  but  its  occurrence  is  far  from  universal.  Many  times  the  first  tubes  in  the  scries,  i.  f., 
those  containing  the  largest  quantities  of  the  fecal  extract,  will  exhibit  a  bluish  cast  of  color 
which  should  not  be  confused  with  the  starch  color  reaction.  When  these  blue  tubes  are 
present,  they  are  generally  followed  by  yellow,  red  and  blue  tubes  in  order,  the  final  blue 
tube,  of  course,  being  the  regulation  starch  reaction.  Occasionally  greenish  colors  will  be 
obt^ned  to  the  left  of  the  red  color.  It  also  sometimes  happens  that  it  is  somewhat  diffi- 
cult to  determine  in  which  tube  to  the  right  of  the  red  color  the  starch  blue  color  is  first  de- 
tected, unless  the  tube  be  examined  carefully  before  a  strong  hght.  In  every  instance,  how- 
ever, when  these  blue  and  green  colors  are  obser^'cd,  it  is  noted  that  tubes  possessing  the 
true  dextrin  r^  color  are  always  present  between  these  tubes  and  the  tubes  possessing  the 
true  starch  blue  color.  It  is  evident,  therefore,  that  these  bluish  lints  in  the  tubes  to  the 
left  of  the  dextrin  color  cannot  be  due  to  the  presence  of  starch.  The  cause  of  the  blue  color 
'n  the  Hist  tubes  of  the  scries  has.  not  been  ascertained  as  yet. 
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The  amylolytic  value,  Df ,  of  a  given  stool,  may  be  expressed  in  terms 
of  I  c.c.  of  the  sediment  obtained  by  centrifugation  as  above  described. 
For  example,  if  it  is  found  that  0.3 1  c.c.  of  the  phosphate-chloride  extract 
of  the  stool  acting  at  38°  C.  for  twenty-four  hours  completely  transformed 
the  starch  in  5  c,c.  of  a  i  per  cent  starch  solution,  then  we  would  have  the 
following  proportion : 

0.31:5  (c.c.  starch)  :  :  i  (c.c.  extract)  :  X 
The  value  of  X  in  this  case  is  16.1,  which  means  that  i  c.c.  of  the  fecal 
extract  possesses  the  power  of  completely  digesting  16.1  c.c.  of  a  i  per  cent 
starch  solution  in  twenty-four  hours  at  38°  C. 

Inasmuch  as  stools  vary  so  greatly  as  to  water  content,  it  is  essential 
to  an  accurate  comparison  of  stools  that  such  comparison  be  made  on  the 
basis  of  the  solid  matter.    Supposing,  for  example,  that  in  the  above 
detennination  we  had  6.2  c.c.  of  sediment.    Since  the  supernatant  fluid 
was  removed  and  made  up  to  50  c.c.  before  testing  its  amylolytic  value, 
it  is  evident  that  i  c.c.  of  this  sediment  is  equivalent  to  8.1  c.c.  of  extract. 
Therefore,  in  order  to  derive  the  amylolytic  value  of  i  c.c.  of  sediment, 
we  must  multiply  the  value  {16.1)  as  obtained  above  for  the  extract,  by 
8.1.    This  yields  130.4  and  enables  us  to  express  the  activity  as  follows: 
38  c 
Df      ^=130-4 
24  b 

The  above  method  of  calculation  is  that  suggested  by  Wohlgemuth.  In 
case  time  and  facilities  permit  of  the  determination  of  the  moisture  con- 
tent of  the  feces,  it  is  much  more  accurate  and  satisfactory  to  place  the 
amylolytic  values  of  the  stools  on  a  "gram  of  dry  matter"  basis.  The 
amylolytic  values  of  the  stools  are  expressed  as  the  number  of  cubic  centi- 
meters of  I  per  cent  starch  solution  which  the  amylase  content  of  i  gram 
of  dry  feces  is  capable  of  digesting. 

20.  Quantitatwe  Detenninatioii  of  Fecal  Bacteria.'— The  method 
is  a  simplification  of  MacXeal's  adaptation  of  the  Strasburger  procedure.* 
About  two  grams  of  feces  are  accurately  weighed  and  placed  in  a  50  c.c. 
centrifuge  tube.  To  the  feces  in  the  tube  a  few  drops  of  0.2  per  cent 
hydrochloric  acid  are  added,  and  the  material  is  mixed  to  a  smooth  paste 
by  means  of  a  glass  rod.  Further  amounts  of  the  add  are  added  with  con- 
tinued crushing  and  stirring  until  the  material  is  thoroughly  suspended. 
The  lube  is  then  whirled  in  the  centrifuge  at  high  speed  for  one  half  to  one 
mrnulf.  The  suspension  is  found  sedimented  into  more  or  less  definite 
layers,  the  uppermost  of  which  is  fairly  free  from  the  larger  particles. 
The  upi«-T  and  more  liquid  portion  of  the  suspension  is  now  drawn  off  by 
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means  of  a  pipette  and  transferred  to  a  beaker.'  The  sediment  remaining 
in  the  lube  is  again  rubbed  up  with  the  glass  rod  with  the  addition  of 
further  amounts  of  dilute  acid,  and  again  centrifugaUzed  for  one  half  to 
one  minute.  The  supernatant  liquid  is  pipetted  off  and  added  to  the 
first,  the  same  pipette  being  used  for  the  one  determination  throughout.' 
A  third  portion  of  the  dilute  acid  is  then  added  to  the  sediment,  which  is 
again  mixed  by  stirring  and  again  centrifugalized.  All  the  washings  are 
added  to  the  first  one,  and  during  the  process  care  is  taken  to  wash  the 
material  from  the  walls  and  mouth  of  the  centrifuge  tube  down  into  it. 
Finally,  when  the  sediment  is  sufficiently  tree  from  bacteria,  the  various 
remaining  particles  are  visibly  clean,  and  the  supernatant  liquid  after 
centrifugalization  remains  almost  clear.  This  is  removed  to  the  beaker  in 
which  are  now  practically  all  the  bacteria  present  in  the  original  portion 
of  feces,  together  with  some  solid  matter  not  yet  separated.  In  the  centri- 
fuge tubes  there  is  a  considerable  amount  of  bacteria-free  solid  matter. 

The  suspension  is  now  transferred  to  the  same  centrifuge  tube,  centrif- 
ugalized for  a  minute,  and  the  supernatant  liquid  transferred  to  a  clean 
beaker  by  means  of  the  same  pipette.  The  tube  is  then  refilled  from  the 
first  beaker  and  thus  all  the  suspension  centrifugalized  a  second  time. 
The  beaker  is  finally  carefully  washed  with  the  aid  of  a  rubber-tipped 
glass  rod.  the  second  sediment  in  the  centrifuge  tube  is  washed  free  of 
bacteria  by  means  of  this  wash  water  and  by  successive  portions  of  the 
dilute  acid,  and  the  supernatant  liquid  after  centrifugalization  is  added  to 
the  contents  of  the  second  beaker.  The  second  clean  sediment  is  added 
to  the  first.  The  bacterial  suspension  now  in  the  second  beaker  is  again 
centrifugalized  in  the  same  way  and  a  third  portion  of  bacteria-free 
sediment  is  separated.  Frequently  a  fourth  serial  centrifugalization  is 
performed— alway's  if  the  third  sediment  h  of  appreciable  quantity, 
At  all  stages  of  the  separation,  small  portions  of  the  dilute  hydro- 
chloric acid  are  used,  so  that  the  final  suspension  shall  not  be  too  vo- 
luminous. Ordinarily  it  amounts  to  125  to  2co  c.c.  At  the  same  time, 
the  final  amount  of  fluid  should  not  be  too  small,  as  shown  by 
Ehrenpfordt,*  because  the  viscosity  accompanying  increased  concentration 
prevents  proper  and  complete  sedimentation. 

To  the  final  bacterial  suspension  an  equal  volume  of  alcohol  is  added 
and  the  beaker  set  aside  to  concentrate.  A  water  bath  at  50°  to  60°  C,  is 
very  satisfactory.  After  two  or  three  days,  when  the  liquid  is  concen- 
trated to  about  50  c.c,  the  beaker  is  removed  and  about  200  c.c,  of  alcohol 

'  .\  15  c.c,  pipette  ib  the  most  satisfactory  size;  to  faciliLile  observation,  the  delivery  tube 
is  bent  near  the  bulb  to  an  angle  of  about  12a  degrees. 

'  A  cunvenienl  support  for  the  pipettes  is  a  wire  sprin);  on  a  glass  ba^e,  sueb  as  is  used  on 
a  desk  (or  pen-holders.     The  delivery  tube,  just  where  it  is  bent,  is  inserted  between  the 
wires,  and  any  liquid  not  delivered  collects  in  the  bend  of  the  tube. 
'  Ehrcnpfofdt :  Zril.  rxp.  Path.  Tker.,  7,  455,  11)09, 
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nre  i<c  ^w^nTt't-xr  isoscs^    A:  the  foi  ■.■«  tits  :i»e  :iw  Skvtmju  stti*- 

Giri  brrwn  cc-ioc.oui  iw  cinttiLy  s^'^'ckv:  oS  witVxn  !iiss  \M~  j».>iKi  nt^AiTtr, 
Tbe  rsuizoer  b  tben  triosKmxi  it>  o«iirif^gr  ;ub*r$.  t^^triiuj^iu^^s 

b»iSs  ci  rhjt  hicieni.  and  b  irui$i<nrrd  tt.^  Jt  K^t^Uht  rtA:il.  Jv>r  iut(\>(;t« 
■^Kenrisaiioa.  This  is  ib^  h&cHnaJ  nitivyiH).  \Vh<«-  «  tk-trtiitinjiiion 
ct  bactainl  dr>'  suhstaiKY  b  d«£ireO.  ihe  $«\l)nvfnt  vX'  hAv'Ima  b  cximoK^ 
bv  abeoliite  alcvlK^l  and  eihef  in  suiCY«i!*i''n,  Irnnsfrntxl  ts'  «  «if^:V^ 
pDTceUiQ  cnidble,  and  dried  at  lo;'  C.  to  t\«i$tant  xmshi.  This  drvnl 
sample  is  then  u?ed  in  the  niirvij^n  dotenaunativw.  <>ur  iw\H>ftlupr  vliiVtsrs 
from  that  of  MacXeal  in  that  the  baotetial  dn-  lualter  b  not  detcrnunwt 
A  saving  of  about  se\-en  daj-s"  lime  and  of  t\>nsidoraWe  Ulxtr  is  avx^wt- 
plished  by  thi^;  omission. 

Inasmuch  as  it  has  been  shown  by  \-ario«s  invvstijpnort  that  such 
bacteria  as  are  present  in  the  fews  ivntaiit  on  the  average  alxHit  1 1  |>rr 
cent  of  nitrogen,  the  values  for  bacterial  nitixigen  as  deteniiinetl  by  our 
method  may  con\-em'entJy  s*r\"e  as  a  basis  for  the  calculation  i\(  (he  nctual 
output  of  bacterial  substance. 

'Id  more  recent  work  isre  RUthrrwii-k  antt  llawL:  iin|iulili»lir^t<  il  h«»  hrru  lnunt) 
advanUgeous  to  crnlriiugalice  with  altMhiil  *nd  elhrr  in  »iuvr!(»i»it  lirdirr  (raiiK<rtc)il8  Ih* 
bacterial  celts  to  Kjeldahl  llasks. 


DigitizGd  by  Lj OOQ IC 


Blood  is  composed  of  four  types  of  fonn-elements  (erythrocytes  or 
red  blood  corpuscles,  leucocytes  or  white  blood  corpuscles,  blood  plates 
or  plaques  and  blood  dust  or  h[Dmoconien)  held  in  suspension  in  a  fluid 
called  blood  plasma.  These  form -elements  compose  about  60  per  cent  of 
the  blood,  by  weight.  Ordinarily  blood  is  a  dark  red  opaque  fluid  due  to 
the  presence  of  the  red  blood  corpuscles,  but  through  the  action  of  certain 
substances,  such  as  water,  ether,  or  chloroform,  it  may  be  rendered  trans- 
parent. Blood  so  altered  was  formerly  said  to  be  laked.  The  term 
liiEmolysis  is  now  used  in  this  connection  and  substances  which  cause  such 
action  are  spoken  of  as  li(Emolytic  agents.  The  hemolytic  process  is 
simply  a  liberation  of  the  hemoglobin  from  the  stroma  of  the  red  blood 
corpuscle.  Normal  blood  is  alkaline  in  reaction'  to  litmus,  the  alkaliaity 
being  due  principally  to  sodium  carbonate  and  phosphate.  The  spcciiic 
gravity  of  the  blood  of  adults  ordinarily  varies  between  1.045  and  1.075. 
It  varies  somewhat  with  the  sex,  the  blood  of  males  having  a  rather  higher 
specific  gravity  than  that  of  females  of  the  same  si>ecies.  Under  jiatholog- 
ical  conditions  also  the  density  of  the  blood  may  be  very  greatly  altered. 
The  freezing-point  (J)  of  normal  blood  is  about  —0.56°  C.  Variations 
between  —0.51°  and  0.62°  C.  may  be  due  entirely  to  dietarj-  conditions, 
but  if  any  marked  variation  is  noted  it  can  in  most  cases  be  traced  to  a 
disordered  kidney  function.  The  total  amount  of  blood  in  the  body  has 
been  variously  estimated  at  from  one-twelfth  to  oife-fourteenth  of  the 
body  weight.  Perhaps  1/1.3.5  "^  ^^^  most  satisfactory  figure.  Abderhal- 
den  and  Schmidt'  have  recently  suggested  a  unique  method  for  the 
determination  of  this  value.  It  is  based  upon  the  change  in  the  optical 
activity  of  the  blood  upon  injection  of  a  body  of  known  optical  activity, 
such,  for  example,  as  dextrin. 

Among  the  most  important  constituents  of  blood  plasma  are  the  four 
protein  bodies,  fibrinogen,  nucleo protein,  serum  globulin  (euglobulin  and 
pseudo-globulin)  and  serum  albumin.  Plasma  contains  about  8.2  per  cent 
of  solids  of  which  the  protein  constituents  named  above  constitute  approxi- 
mately 84  per  cent  and  the  inorganic  constituents  (mainly  chlorides, 
phosphates  and  carbonates)  approximately  10  per  cent.  Among  the 
in  organic  constituents  sodium  chloride  predominates.    To  prevent  coagu- 

'  Recently  it  has  been  shown  by  physico-chemical  methods  that  the  blood  is  in  reohty 

'  Ahderhalden  and  Schmidt:  ZtH.  phyiid.  diem,,  60.  |30,  19:0. 
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lation,  blood  plasma  is  ordinarily  studied  in  the  form  of  an  oxalated  or 
salted  plasma.  The  former  may  be  obtained  by  allowing  the  blood  to 
flow  from  an  opened  artery  into  an  equal  volume  of  0.2  per  cent  ammo- 
nium oxalate  solution,  whereas  in  the  preparation  of  a  salted  plasma  10 
per  cent  sodium  chloride  solution  may  be  used  as  the  diluting  fluid. 

Fibrinogen  is  perhaps  the  most  important  of  the  protein  constituents 
of  the  plasma.  It  is  also  found  in  lymph  and  chyle  as  well  as  in  certain 
exudates  and  transudates.  Fibrinogen  possesses  the  general  properties 
of  the  globulins,  but  differs  from  serum  globulin  in  being  precipitated 
upon  half-saturation  with  sodium  chloride.  In  the  process  of  coagulation 
of  the  blood  the  fibrinogen  is  transformed  into  fibrin.  This  fibrin  is  one 
of  the  principal  constituents  of  the  ordinary  blood  clot. 

The  nucleoprotein  of  blood  possesses  many  of  the  characteristics  of 
serum  globidin.  In  common  with  this  body  it  is  easily  soluble  in  sodium 
chloride,  and  is  completely  precipitated  from  its  solutions  upon  saturation 
with  magnesium  sulphate.  It  is  much  less  soluble  in  dilute  acetic  acid 
than  serum  globuhn,  and  its  solutions  coagulate  at  65°-69''  C. 

The  body  formerly  called  serum  globulin  is  probably  not  an  indi- 
vidual substance.  Recent  investigations  seem  to  indicate  that  it 
may  be  resolved  into  two  individual  bodies  called  cuglobulin  and  pseudo- 
globulin.  The  euglobulin  is  practically  insoluble  in  water  and  may  be 
precipitated  in  the  presence  of  28—36  per  cent  of  saturated  ammonium 
sulphate  solution.  The  pseudoglobulin,  on  the  contrary,  is  soluble  in 
water  and  is  only  precipitated  by  ammonium  sulphate  in  the  presence  of 
from  36  to  44  per  cent  of  saturated  ammonium  sulphate  solution. 

In  common  with  serum  globulin  the  body  known  as  serum  albumin 
seems  also  to  consist  of  more  than  a  single  individual  substance.  The  so- 
called  serum  albumin  may  be  separated  into  at  least  two  distinct  bodies, 
onecapableof  crystallization,  the  other  an  amorphous  body.  Thesolution 
of  either  of  these  bodies  in  water  gives  the  ordinary  aiburm'n  reactions. 
The  coagulation  temperature  of  the  serum  albumin  mixture  as  it  occurs  in 
serum  or  plasma  varies  from  70°  to  85°  C.  according  to  the  reaction  of  the 
solution  and  its  content  of  inorganic  material.  Serum  albumin  differs 
from  egg  albiunin  in  being  more  Isevorotatory,  in  being  rendered  less 
insoluble  by  alcohol,  and  in  the  fact  that  when  precipitated  by  hydro- 
chloric acid  it  is  more  easily  soluble  in  an  excess  of  the  reagent. 

When  blood  coagulates  and  the  usual  clot  forms,  a  light  yellow  fluid 
exudes.  This  is  blood  serum.  It  differs  from  blood  plasma  in  containing 
a  large  amount  oi  fibrin  fcrmait,  a  body  of  great  importance  in  the  coagu- 
lation of  the  blood,  and  also  in  possessing  a  lower  protein  content.  The 
protein  material  present  in  plasma  and  not  found  in  serum  is  the  fibrin- 
ogen which  is  transformed  into  fibrin  in  the  process  of  coagulation  and 
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removed.  The  specific  gravity  of  the  serum  of  human  blood  varies 
between  t.026  and  1.032.  If  blood  be  drawn  into  a  vessel  and  allowed 
to  remain  without  stirring  or  agitation  of  any  sort  the  major  portion  of  the 
red  corpuscles  will  sink  away  from  the  upper  surface,  causing  this  portion 
of  the  clot  to  assume  a  lighter  color  due  to  the  predominance  of  leuco- 
cytes.   This  light  colored  portion  of  the  dot  is  called  the  "buffy  coat." 

Beside  the  protein  constituents  already  mentioned,  other  bodies  which 
are  found  in  both  the  plasma  and  serum  are  the  following:  Sugar  (dex- 
trose), fat,  enzymes,  lecithin,  cholesterol  and  its  esters,  gases,  coloring- 
matter  (lutein  or  lipochrome)  and  mineral  substances.  In  addition  to 
these  bodies  the  following  substances  have  been  detected  in  normal  human 
blood:  Creatine,  carhamtc  acid,  hippuric  acid,  paralaclic  acid,  urea  and 
uric  acid  {urates).  Some  of  the  pathological  constituents  of  blood  are 
proteoses,  leucine,  tyrosine  and  other  amino  acids,  biliary  constituents  and 
purine  bodies. 

Bywaters'  reports  the  presence  of  a  glycoprotein  in  blood  serum. 
This  he  has  termed  seromucoid. 

There  has  been  considerable  controversy  regarding  the  form  of  the 
erythrocytes  or  red  blood  corpuscles  of  human  blood.  It  is  claimed 
by  some  investigators  that  the  cells  are  bell-shaped  or  cup-shaped.  As 
the  erythrocytes  occur  normally  in  the  circulation,  however,  they  are  prob- 
ably thin,  non-nucleated,  biconcave  discs.  When  examined  singly  under 
the  microscope,  they  possess  a  pale  greenish-yellow  color  (see  Plate  IV, 
opposite),  whereas  when  grouped  in  large  masses  a  reddish  tint  is  noted. 

The  blood  of  most  mammals  contains  erythrocytes  similar  in  form  to 
those  of  human  blood.  In  the  blood  of  birds,  fishes,  amphibians  and 
reptiles  the  erythrocytes  are  ordinarily  more  or  less  elliptical,  biconvex 
and  possess  a  nucleus.  The  erythrocytes  vary  in  size  with  the  different 
animals.  The  average  diameter  of  the  erythrocytes  of  blood  from  various 
species  is  given  in  the  following  table:* 

Elephant j  -'a ,  of  an  inch. 

Guinea-pig ji'ij  of  an  inch. 

Man sjSifl  o(  an  inch. 

Monkey ,  i^j  of  an  inch. 

Dor .,  s'jT  "'  ^"  inch. 

Rat jfl"]]  of  an  inch. 

Rabbii ,1';,  of  an  inch. 

Mouse ,-'11  of  an  inch. 

Lion J  I'f  J  of  an  inch. 

Ox (j',e  of  an  inch. 

Horse ,^'4,  of  an  inch. 

Pig. J /.t I  of  an  inch. 

Cat ^i^-i  at  an  inch. 

Shee[> 4^:  of  an  inch. 

Goal iiiVii  of  an  inch. 

Musk-deer i;Jj.;Of  an  inch, 

•  Bywaters:  BiMlietnischc  Zeihchrift,  15,  321,  1909. 

»  Wormicy't  Micro-Chemistry  of  Poisons,  second  edition,  p.  73,1. 
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The  erythrocytes,  from  whatever  source  obtained,  consist  essentially 
of  two  parts,  the  stroma  or  protoplasmic  tissue  and  its  enclosed  pigment, 
kamoglobin.  For  human  blood  the  number  of  erythrocytes  present  in  the 
fluid  as  obtained  from  well-developed  males  in  good  physical  condition  is 
about  5,500,000  per  cubic  millimeter.'  The  normal  content  of  the  blood 
of  adult  females  is  from  4,000,000  to  4,500,000  per  cubic  millimeter. 
The  number  of  erythrocytes  varies  greatly  under  different  conditions. 
For  instance  the  number  may  be  increased  after  the  transfusion  of  blood 
of  the  same  species  of  animal;  by  residing  in  a  high  altitude;  or  as  a  result 
of  strenuous  physical  exercise  continued  over  a  short  period  of  time.  An 
increase  is  also  noted  in  starvation;  after  partaking  of  food;  after  cold  or 
hot  baths;  after  massage,  as  well  as  after  the  administration  of  certain 
drugs  and  accompanying  certain  diseases,  such  as  cholera,  diarrhoea, 
dysentery  and  yellow  atrophy  of  the  liver.  A  decrease  in  the  number 
occurs  in  the  different  forms  of  anaemia.  The  number  has  been  known 
to  increase  to  7,040,000  per  cubic  millimeter  as  a  result  of  physical  exer- 
cise, while  1 1,000,000  per  cubic  millimeter  have  been  noted  in  casesof  poly- 
cythiemia  and  increases  nearly  as  great  in  cyanosis.  The  number  has 
been  known  to  decrease  to  500,000  per  cubic  millimeter  or  lower  in  per- 
nicious anxmia. 

Erj'throcytes  possess  the  property,  when  properly  treated,  of  "  clump- 
ing" together  in  masses  and  precipitating,  producing  so-called  aggluti- 
nation. Cells  other  thanerythrocytes(c.g.,bacteria)posscss  thisproperty. 
When  spoken  of  in  connection  with  the  blood  such  action  is  termed 
hemagglutination.  A  substance  which  will  bring  about  hemagglutination 
is  said  to  contain  hamaggluUnins.  These  ha;magglutinins  arc  particu- 
larly abundant  in  the  vegetable  kingdom.^  For  a  demonstration  of 
heemagglutination  see  page  208. 

Oxyha;moglobin,  the  coloring  matter  of  the  blood,  is  a  conjugated 
protein.  Through  treatment  with  hydrochloric  acid  it  may  be  split  into 
a  protein  body  called  gloidn,  and  hamochromogen,  an  iron-containing 
pigment.  The  latter  body  is  rapidly  transformed  into  hamatin  in  the 
presence  of  oxygen,  and  this  in  turn  gives  place  to  haimatin-hydrochloride 
or  hcemin  {Figs.  59  and  60,  page  211).  The  pigment  of  arterial  blood  is 
for  the  most  part  loosely  combined  with  oxygen  and  is  termed  oxyharmo- 
globin,  whereas  the  pigment  of  venous  blood  is  principally  haemoglobin 
(so-called  reduced  hiemoglobin),  Oxyhzmioglobin  is  the  oxygen-carrier 
of  the  body  and  belongs  to  the  class  of  bodies  known  as  respiratory  pig- 

'  This  statement  is  bascrl  up<m  observations  made  upon  the  blood  of  athletes  in  traintnK- 
See  Hawk:  .\mer.  Jour.  Pkyiiol. ,11,0^.  It  is  generally  slated  in  test-bo()ks  that  the  blood 
of  males  contains  aiiout  5,000.000  |>cr  cubic  millimeter. 

*  Mendel:  Arcliiiiodifi^iologi-l,  7,  ifii,  I'jogi  also  Schneider:  Journal  0}  BiolaffOii  ClicrK. , 
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Frr.,  ji.— OxYB.EMOCLOBrj  Crvstals  from  Blood  of  the  GnwEA-pic. 

Reproduced  from  a  micru-phoWBtnph  furnished  by  Prof.  E.  T.  Rcichert,  of  the  University 

of  Pennsylvania. 
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Fic.  51, — OxYH,«aoGLOBiK  Ckvstals  fkob  Blood  of  the  Rat, 
Rcproducpd  from  a  micro-p holograph  furnished  by  Prof.  E.  T.  Reichert,  ol  the  University 
of  Pennsylvania . 
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Fig.  53, — OxyBfuocLOBiN  Crystals  fhom  Blood  o»  the  Horse. 

Reptoduced  from  a  micro-phatograph  furnished  by  Prof.  E.  T.  Reichert,  of  the  University 

of  Pennsylvania. 
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F:c.  54. — Oxva«ito(;LoBiN  Crystals  fhum  Blood  or  the  Squirrel. 

Reproduced  from  a  micro- photograph  furnished  by  Prof.  E.  T.  Reichert,  of  the  Univer^ly 

of  Pennsylvania. 
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Fig.  55.— Oxybsuoclobin  Crystals  raoa  Blood  of  the  Doo. 
Reproduced  from  a  micro-photograph  furnished  by  Prof.  E.  T,  Rcichett,  of  the  Universitj' 
of  FenosylvaDia, 


Fio.  56.— OxYHiuocLosm  CavsTALS  FBOM  Blood  or  the  Cat 

Reproduced  from  a  mlcro-pholngrDph  furnished  by  Prof.  E.  T.  Reichert,  of  Ihe  University 

of  Pennsylviinia. 
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FlO,    57. — OXVH«MOCLOB1N  CRYSTALS  FROM  BLOOD  OF  THE  NECTltRUS. 

Reproduced  (rum  a  micro-photograph  furnished  by  Prol.  E.  T.  R«ichert,  of  ihe  Universily 
of  Pennsylvania.' 

ments.  It  is  held  within  the  stroma  of  the  erythrocyte.  The  reduction 
of  oxyhiemoglobin  to  form  hemoglobin  fso-called  redticed  hEemoglobin) 
occurs  in  the  capillaries.  Oxjhaanoglobin  may  be  crystallized  and  a 
specific  form  of  crystal  obtained  from  the  blood  of  each  individual  species 
(see  Figs.  51  to  57,  pages  igS  to  201).  This  fact  seems  to  indicate  that 
there  are  many  varieties  of  oxyhemoglobin.  The  interesting  findings 
of  Reichert  and  Brown  are  of  great  value  in  this  connection.  These 
investigators  prepared  oxyhemoglobin  crystals  from  the  blood  of  over 
one  hundred  species  of  animal  and  subsequently  studied  the  character- 
istics of  the  crystals  very  minutely  from  the  standiK>int  of  cr>-sta!lography. 
Their  findings  may  prove  of  importance  from  the  standpoint  of  heredity 
and  the  origin  of  species.     They  emphasize  the  following  facts: 

1.  Crj'stals  from  all  species  of  a  certain  genus  have  certain  charac- 
teristics in  general.  Crystals  from  different  genera,  however,  exhibit 
marked  differences  in  system,  axial  ratios,  etc. 

2.  Crystals  of  different  species  of  a  genus  may  generally  be  differen- 
tiated by  difference  in  the  angles, 

3.  The  oxyhemoglobin  of  some  species  crystallizes  in  several  types 
of  crystals  in  the  same  preparation.  Generally  the  crystals  first  formed 
belong  to  a  system  of  a  lower  grade  of  symmetry  than  those  formed 
later.  When  such  different  t>'pes  of  crystals  occur  they  may  be  arranged 
in  isomorphous  series. 

4.  Certain  definite  angles  recur  in  the  crystals  from  the  blood  of 

■The  micro-photographs  of  oxyhfcmoglobin  (see  pages  igS-ioi)  and  hsEnun  (seepage 
an)  are  reproduced  through  the  courtesy  of  Professors  E.  T.  Reichert  and  Amos  P.Brown, 
of  the  University  of  Pennsylvania,  who  are  investigating  the  crystalline  forms  otbiochcmic 
lubttances. 
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various  species  of  animal,  although  the  zoSlogical  connection  may  be 
remote  and  the  crystals  belong  to  different  systems. 

5.  The  constant  recurrence  of  certain  types  of  "twinning"  in  all 
the  crystalline  forms  was  observed. 

6.  Differences  have  been  observed  in  the  crystalline  form  of  oxy- 
hemoglobin and  hfcmoglobin  from  the  blood  of  the  same  species  in 
certain  cases. 

The  following  bodies  may  be  derived  from  ha;mogiobin,  and  each 
possesses  a  specific  spectrum  which  serves  as  an  aid  in  its  detection 
and  identification:  Oxyhemoglobin,  methccmoglobin,  carbon-monox- 
ide htcmog'obin,  nitric-oxide  ha:mog]obin,  hicmochromogen,  ha;matin, 
acid-h^matin,  alkali-hematin  and  hiematoporphyrin  (see  Absorption 
Spectra,  Plates  I  and  II). 

The  white  corpuscles  (or  leucocytes)  of  human  blood  differ  from 
the  red  corpuscles  (or  erythrocytes)  in  many  particulars,  such  as  being 
somewhat  larger  in  size,  in  containing  at  least  a  single  nucleus  and  in 
possessing  amceboid  movement  (see  Plate  IV,  opposite  page  196). 
They  are  typical  animal  cells  and  therefore  contain  the  following  bodies 
which  are  customarily  present  in  such  cells:  Proteins,  fats,  glycogen, 
purine  bodies,  enzymes,  phosphatides,  lecithin,  cholesterol,  inorganic  salts 
and  ivater.  Compound  proteins  make  up  the  chief  part  of  the  protein 
quota  of  leucocytes,  the  nucleo-proteins  predominating.  Of  the  enz>'mes 
present  the  proteolytic  are  the  most  important.  It  is  claimed'  that 
there  arc  two  proteolytic  enzymes  in  leucocytes,  one  active  in  alkaline 
solution  and  present  in  the  polynuclear  cells'  and  the  other  active  in  acid 
medium  and  present  in  mononuclear  cells.  It  is  claimed  that  the  granu- 
lar leucocytes  originate  in  the  bone  marrow,  whereas  the  non-granular 
leucocytes  (KTnphocytes)  have  a  lymphatic  origin  (lymph  glands  or 
lymphoid  tissue) ;  this  matter  of  origin  is  uncertain.  The  normal  number 
of  leucocytes  in  human  blood  varies  between  5000  and  10,000  per  cubic 
millimeter.  The  ratio  between  the  leucocytes  and  erythrocytes  is  about 
I  :3So-5oo.  A  leueocytosis  is  said  to  exist  when  the  number  of  leucocytes 
is  increased  for  any  reason.  Leucocytoses  may  be  divided  into  two 
general  classes,  the  physiological  and  the  pathological.  Under  the 
physiological  form  would  be  classed  those  leucocytes  accompanying 
pregnancy,  parturition  and  digestion,  as  well  as  those  due  to  mechanical 
and  thermal  iniiuenccs.  The  leucocytoses  spoken  of  as  pathological  are 
the  inflammatory,  infectious,  post-haanorrhagic,  toxic  and  experimental 
forms  as  well  as  the  type  of  leucocytosis  which  accompanies  malignant 
disease. 


'topic:  Jour.  0}  Eiprrimenlal  Urd.,  8;  Qpic  and  Barker:  Ibid.,  9. 

•  For  disc ussion  of  different  types  of  leucocytes,  see  "Da  Costa's  Clinical  Hematology" 
some  similar  volume. 
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The  blood  plates  (platelets  or  plaques)  are  round  or  oval,  colorless 
discs  which  possess  a  diameter  about  one-third  as  great  as  that  of  the 
erythrocytes.  Upon  treatment  with  certain  reagents,  e.  g.,  artificial 
gastric  juice,  they  may  be  separated  into  a  homogeneous,  no n- refractive 
portion  and  a  granular,  refractive  portion.  The  blood  plates  are  prob- 
ably associated  in  some  way  with  the  coagulation  of  the  blood.  This  rela- 
tionship is  not  well  understiK»d  at  present. 

The  hamioconein  or  so-called  "blood  dust"  is  made  up  of  round 
granules  which  usually  have  a  diameter  somewhat  less  than  one  micron. 
The  serum  of  normal  as  well  as  of  pathological  blood  contains  these 
granules.  They  were  first  described  by  Miiller  to  whom  they  appeared 
as  highly  refractile  granules  possessed  of  Brownian  movement.  The 
"blood  dust"  is  apparently  not  concerned  with  the  coagulation  of  the 
blood.  The  granules  are  insoluble  in  alcohol,  ether  and  acetic  acid 
and  are  not  blackened  by  osmic  acid.  According  to  Muller.  the  gran- 
xiles  making  up  the  so-called  "blood  dust"  constitute  a  new  organized 
constituent  of  the  blood,  whereas  other  investigators  believe  them  to  be 
merely  free  granules  from  certain  of  the  forms  of  leucocytes.  In  common 
with  blood  plates  the  "blood  dust"  possesses  no  clinical  significance. 

The  processes  involved  in  the  coagulation  of  the  blood  are  not  fully 
understood.  Several  theories  have  been  advanced  and  each  has  its 
adherents.  The  theory  which  appears  to  be  fully  as  firmly  foimded 
upon  experimental  evidence  as  any  is  the  following:  Blood  contains 
a  zymogen  called  prothrombin  which  combines  with  the  calcium  salts 
present  to  form  an  enzyme  known  as  Utrombin  or  fibrin-ferment.  When 
freshly  drawn  blood  comes  in  contact  with  the  air  the  fibrin-ferment  at 
once  acts  upon  the  fibrinogen  present  and  gives  rise  to  the  formation 
of  fibrin.  This  fibrin  forms  in  shreds  throughout  the  blood  mass  and, 
holding  the  form  elements  of  the  blood  within  its  meshes,  serves  to 
produce  the  typical  blood  dot.  The  fibrin  shreds  gradually  contract, 
the  whole  clot  assumes  a  jelly-like  appearance  and  the  yellowish  serum 
exudes.  If,  immediately  upon  the  withdrawal  of  blood  from  the  body, 
the  fhiid  be  rapidly  stirred  or  thoroughly  "whipped"  with  a  bundle 
of  coarse  strings,  twigs  or  a  specially  constructed  beater,  the  fibrin  shreds 
will  not  form  in  a  network  throughout  the  blood  mass  but  instead  will 
cling  to  the  device  used  in  beating.  In  this  way  the  fibrin  may  be  re- 
moved and  the  reamining  fluid  is  termed  defibrinated  blood.  The  above 
theory  of  the  coagulation  of  the  blood  may  be  slated  briefly  as  follows: 

I.  Prothrombin+ Calcium  Salts=Thrombin  (or  Fibrin -ferment). 

II.  Thrombin  (or  Fibrin-ferment)  +  Fibrim)gen  =  Fibrin. 

Howell'  has  very  recently  suggested  an  ingenious  modification  of  the 

<  KoweII:    Amnii-n  Jouriml of  Physiolosy.  lO.  187.  lUii 
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various  species  of  animal,  although  the  zoological  connection  may  be 
remote  and  the  crystals  belong  to  different  systems. 

5-  The  constant  recurrence  of  certain  types  of  "twinning"  in  all 
the  cr)'stalline  forms  was  observed. 

6.  Differences  have  been  observed  in  the  crystalline  form  of  oxy- 
hiemoglobin  and  ha;moglobin  from  the  blood  of  the  same  species  in 
certain  cases. 

The  foUuwing  bodies  may  be  derived  from  hemoglobin,  and  each 
possesses  a  specific  spectrum  which  serves  as  an  aid  in  its  detection 
and  identification:  Oxyhaemoglobin,  meth^moglobin,  carbon-monox- 
ide ha-mog'obin,  nitric-oxide  hKmoglobin,  hemochromogen.  ha;matin, 
acid-ha-matin,  allcali-ha;malin  and  hfematoporph>Tin  {see  Absorption 
Spectra,  Plates  I  and  II). 

The  white  corpuscles  (or  leucocytes)  of  htunan  blood  differ  from 
the  red  corpuscles  (or  erythrocytes)  in  many  particulars,  such  as  being 
somewhat  larger  in  size,  in  containing  at  least  a  single  nucleus  and  in 
possessing  amceboid  movement  (see  Plate  IV,  opposite  page  196). 
They  are  typical  animal  cells  and  therefore  contain  the  following  bodies 
which  are  customarily  present  in  such  cells:  Proteins,  fais,  glycogen, 
purine  bodies.  enz}-mes.  phosphatides,  lecithin,  cholesterol,  inorganic  salts 
and  water.  Compound  proteins  make  up  the  chief  part  of  the  protein 
quota  of  leucocytes,  the  nucleo-protcins  predominating.  Of  the  enzymes 
present  the  proteolytic  are  the  most  important.  It  is  claimed'  that 
there  arc  two  proteolytic  enzymes  in  leucocytes,  one  active  in  alkaline 
solution  and  present  in  the  polynuclear  cells^  and  the  other  active  in  acid 
medium  and  present  in  mononuclear  cells.  It  is  claimed  that  the  granu- 
lar leucocytes  originate  in  the  bone  marrow,  whereas  the  non-granular 
leucocytes  (lymphocytes)  have  a  lymphatic  origin  (lymph  glands  or 
lymphoid  tissue) ;  this  matter  of  origin  is  uncertain.  The  normal  number 
of  leucocytes  in  human  blood  varies  between  5000  and  10,000  per  cubic 
millimeter.  The  ratio  between  the  leucocytes  and  erythrocytes  is  about 
I  ^350-500-  A  leucocytosis  is  said  to  exist  when  the  number  of  leucocytes 
is  increased  for  any  reason.  Leucocytoses  may  be  divided  into  two 
general  classes,  the  physiological  and  the  pathological.  Under  the 
physiological  form  would  be  classed  those  leucocytes  accompanying 
pregnancy,  parturition  and  digestion,  as  well  as  those  due  to  mechanical 
and  thermal  influences.  The  leucocytoses  spoken  of  as  pathological  are 
the  inflammatory,  infpctin  "  Hjnnorrhagic,  toxic  and  experimental 

forms  as  wf  ^  accompanies  malignant 
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The  blood  plates  (platelets  or  plaques)  are  round  or  oval,  colorless 
discs  which  possess  a  diameter  about  one-third  as  great  as  that  of  the 
erythrocytes.  Upon  treatment  with  certain  reagents,  e.  g.,  artificial 
gastric  juice,  they  may  be  separated  into  a  homogeneous,  non- refractive 
portion  and  a  granular,  refractive  portion.  The  blood  plates  are  prob- 
ably associated  in  some  way  with  the  coagulation  of  the  blood.  This  rela- 
tionship is  not  well  understood  at  present. 

The  hfemoconein  or  so-called  "blood  dust"  is  made  up  of  round 
granules  which  usually  have  a  diameter  somewhat  less  than  one  micron. 
The  serum  of  normal  as  well  as  of  pathological  blood  contains  these 
granules.  They  were  first  described  by  MUller  to  whom  they  appeared 
as  highly  refractile  granules  possessed  of  Brownian  movement.  The 
"blood  dust"  is  apparently  not  concerned  with  the  coagulation  of  the 
blood.  The  granules  are  insoluble  in  alcohol,  ether  and  acetic  acid 
and  are  not  blackened  by  osmic  acid.  According  to  Miiller,  the  gran- 
ules making  up  the  so-called  "blood  dust"  constitute  a  new  organized 
constituent  of  the  blood,  whereas  other  investigators  believe  them  to  be 
merely  free  granules  from  certain  of  the  forms  of  leucocytes.  In  common 
with  blood  plates  the  "blood  dust"  possesses  no  clinical  significance. 

The  processes  involved  in  the  coagulation  of  the  blood  are  not  fully 
imderstood.  Several  theories  have  been  advanced  and  each  has  its 
adherents.  The  theory  which  appears  to  be  fully  as  firmly  founded 
upon  experimental  evidence  as  any  is  the  following:  Blood  contains 
a  zymogen  called  prothrombin  which  combines  with  the  calciiun  salts 
present  to  form  an  enzyme  known  as  thrombin  or  fibrin-ferment.  When 
freshly  drawn  blood  comes  in  contact  with  the  air  the  fibrin-ferment  at 
once  acts  upon  the  fibrinogen  present  and  gives  rise  to  the  formation 
of  fibrin.  This  fibrin  forms  in  shreds  throughout  the  blood  mass  and, 
holding  the  form  elements  of  the  blood  within  its  meshes,  serves  to 
produce  the  typical  blood  dot.  The  fibrin  shreds  gradually  contract.  ■ 
the  whole  clot  assumes  a  jelly-like  appearance  and  the  yellowish  serum 
exudes.  If.  immediately  upon  the  withdrawal  of  blood  from  the  body, 
the  fluid  be  rapidly  stirred  or  thoroughly  "whipped"  with  a  bundle 
of  coarse  strings,  twigs  or  a  specially  constructed  beater,  the  fibrin  shreds 
will  not  form  in  a  network  throughout  the  blood  mass  but  instead  will 
cling  to  the  device  used  in  beating.  In  this  way  the  fibrin  may  be  re- 
moved and  the  reamining  fluid  is  termed  defibrinated  blood.  The  above 
theory  of  the  coagulation  of  the  blood  may  be  stated  briefly  as  follows: 

I-  Prothrombin-fCalcium  Sal  Is  =  Thrombin  (or  Fibrin-ferment). 
Thrombin  (or  Fibrin-ferment)  +  Fibrinogen  =  Fibrin. 
^'  has  very  recently  suggested  an  ingenious  modification  of  the 

AmiiUn  JnurnalBfPtiysioloty.  ip,  187.  1911. 
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above  theory.  He  says  "In  the  circulating  blood  we  find  as  constant 
constituents,  fibrinogen,  prolhrombin,  calcium  salts  and  antithrombin. 
The  last-named  substance  holds  the  prothrombin  in  combination  and 
thus  prevents  its  conversion  or  activation  to  thrombin.  When  the  blood 
is  shed,  the  disintegration  of  the  corpuscles  (platelets)  furnishes  material 
(thromboplastin)  which  combines  with  the  antithrombin  and  liberates 
the  prothrombin;  the  latter  is  then  activated  by  the  calcium  and  acts  on 
the  fibrinogen.  According  to  this  x-iew  the  actual  process  of  coagulation 
involves  only  three  factors,  fibrinogen,  prothrombin  and  calcium.  These 
three  factors  exist  normally  in  the  circulating  blood,  but  are  prevented 
from  reacting  by  the  presence  of  antithrombin." 

Among  the  medico-legal  tests  for  blood  are  the  following;  (i) 
Microscopical  identification  of  the  erythrocytes,  (2)  spectroscopic 
identification  of  blood  solutions,  (3)  the  guaiac  test,  (4)  the  benaidine 
reaction,  (5)  preparation  of  haemin  crystals.  Of  these  five  tests  the 
two  last  named  are  generally  considered  to  be  the  most  satisfactory, 
They  give  equally  reliable  results  with  fresh  blood  and  with  blood  from 
clots  or  stains  of  long  standing,  provided  the  latter  have  not  been  exposed 
to  a  high  temperature,  or  to  the  raj's  of  the  sun  for  a  long  period.  The 
technic  of  the  tests  is  simple  and  the  formation  of  the  dark  brown 
or  chocolate  colored  crystals  of  ha;min  or  the  producrion  of  the  green  or 
blue  color  with  benzidine  is  indispntable  proof  of  the  presence  of  blood 
in  the  fluid,  clot  or  stain  examined,  Theweak  point  of  the  tests,  medico- 
legally,  lies  in  the  fact  that  they  do  not  difTerenliate  between  human  blood 
and  that  of  certain  other  species  of  animal. 

The  guaiac  test  (see  page  209),  although  generally  considered  less 
accurate  than  the  hiemin  test,  is  really  a  more  delicate  test  than  the  haemin 
test  if  properly  performed.  One  of  the  most  common  mistakes  in  the 
manipulation  of  this  test  is  the  use  of  a  guaiac  solution  which  is  too  con- 
centrated and  which,  when  brought  into  contact  with  the  aqueous  blood 
solution,  causes  the  separation  of  a  voluminous  precipitate  of  a  resinous 
material  which  may  obscure  the  blue  coloration ;  this  is  particularly  true 
of  the  test  when  used  for  the  examination  of  blood  stains.  A  solution  of 
guaiac  made  by  dissolving  i  gram  of  the  resin  in  60  c.c.  of  95  per  cent 
alcohol  is  very  satisfactory  for  general  use.  The  test  is  frequently  objected 
to  upon  the  ground  that  various  other  substances,  e.  g.,  milk,  pus,  saliva, 
etc..  respond  to  the  test  and  that  it  cannot  therefore  be  considered  a 
specific  test  for  blood  and  is  of  value  only  in  a  negative  sense.  We  have 
demonstrated  to  our  own  satisfaction,  however,  that  milk  many  times 
gives  the  blue  color  upon  the  addition  of  an  alcoholic  solution  of 
guaiac  resin  without  the  addition  of  hydrogen  peroxide  or  old  turpentine. 
Buckmaster  has  advocated  the  use  of  an  alcoholic  solution  of  guaia- 
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conic  acid  instead  of  an  alcoholic  solution  of  guaiac  resin.  He  claims 
that  he  was  able  to  produce  the  blue  color  upon  the  addition  of  the 
guaiaconJc  acid  to  milk  only  when  the  sample  of  milk  tested  was  brought 
from  the  country  in  sterile  bolUes,  and  further,  that  no  sample  of  London 
milk  which  he  examined  responded  to  the  test.  In  the  application 
of  the  guaiac  test  to  the  detection  of  blood,  he  states  that  he  was  able 
to  detect  laked  blood  when  present  in  the  ratio  1:5,000,000  and  unlaked 
blood  when  present  in  the  ratio  i :  1,000,000.  This  author  considers  the 
guaiac  test  to  be  far  more  trustworthy  than  is  generally  believed. 

Up  to  within  recent  times  it  has  been  impossible  to  make  an  absolute 
differentiation  of  human  blood.  Recently,  however,  the  so-called 
"biological"  blood  test  has  made  such  a  differentiation  possible.  This 
test,  known  as  the  Bordet  reaction,  is  founded  upon  the  fact  that  the 
blood  serum  of  an  animal  into  which  has  been  injected  the  blood  of 
another  animal  of  different  species  develops  the  property  of  agglutinating 
and  dissolving  erythrocytes  similar  to  those  injected,  but  exerts  this  influence 
upon  the  blood  from  no  other  species.  The  antiserum  used  in  this  test  is 
prepared  by  injecting  rabbits  with  5-10  c.c.  of  human  defibrinated  blood, 
at  intervals  of  about  four  days  until  a  total  of  between  50  and  80  ex.  has 
been  injected.  After  a  lapse  of  one  or  two  weeks  the  animal  is  bled,  the 
serum  collected,  placed  in  sterile  tubes  and  preserved  for  use  as  needed. 
In  examining  any  specific  solution  for  human  blood  it  is  simply  necessary 
to  combine  the  antiserum  and  the  solution  under  examination  in  the 
proportion  of  i  :i  00  and  place  the  mixture  at  37°  C.  If  human  blood  is 
present  in  the  solution  a  turbidity  will  be  noted  and  this  will  change 
within  three  hours  to  a  distinctly  flocculent  precipitate.  This  antiserum 
will  react  thus  with  no  other  known  substance. 

Lymph  may  be  considered  as  the  "middle  man"  in  the  transactions 
between  blood  and  tissues.  It  is  the  medium  by  which  the  nutritive 
material  and  oxygen  transported  by  the  blood  for  the  tissues  is  brought 
into  intimate  contact  with  those  tissues  and  thus  utilized.  In  the  further 
fulfillment  of  its  function,  the  lymph  bears  from  the  tissues  water,  salts 
and  the  products  of  the  activity  and  catabolism  of  the  tissues  and  passes 
these  into  the  blood.  Lymph,  therefore,  exercises  the  function  of  a  "go- 
between"  for  blood  and  tissues.  It  bathes  every  active  tissue  of  the  ani- 
mal body,  and  is  believed  to  have  its  origin  partly  in  the  blood  and  partly 
in  the  tissues. 

In  chemical  characteristics,  lymph  resembles  blood  plasma.  In  fact, 
it  has  been  termed  "blood  without  its  red  corpuscles."  Lymph  from  the 
thoracic  duct  of  a  fasting  animal  or  from  a  large  Ij-mphatic  vessel  of  a  well- 
nourished  animal  is  of  a  variable  color  (colorless,  yellowish  or  slightly 
reddish)  and  alkaline  in  reaction  to  litmus.     It  contains  fibrinogen,  fibrin 
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ferment  and  leucocytes  and  coagulates  slowly,  the  clot  being  less  firm  and 
bulky  than  the  blood  clot.  Serum  albumin  and  serum  globulin  are  both 
present  in  lymph,  the  albumin  predominating  in  a  ratio  of  about  j  or4;  i. 
The  principal  inorganic  salts  are  sodium  salts  {chloride  and  carbonate), 
whereas  the  phosphates  of  potassium,  calcium,  magnesium  and  iron  are 
present  in  smaller  amount. 

Substances  which  stimulate  the  flow  of  lymph  are  termed  lymplia- 
gogues.  Such  substances,  as  sugar,  urea,  certain  salts  (especially  sodium 
chloride)  peptone,  egg  albumin,  extracts  of  dogs'  liver  and  intestine,  crab 
muscles  and  blood  leeches  are  included  in  this  cIeiss, 

In  a  fasting  animal,  the  lymph  coming  from  the  intestine  is  a  clear, 
transparent  fluid  possessing  the  characteristics  already  outlined.  After 
a  meal  containing  fat  has  been  ingested,  this  intestinal  lymph  is  white 
or  "milky,"  This  is  termed  chyle  and  is  essentially  lymph  possessing  an 
abnormally  high  (5-15  per  cent.)  content  of  emulsified  fat.  This  chyle 
is  absorbed  by  fhe  Ia(;teals  of  the  intestine  and  transported  to  the  lower 
portion  of  the  thoracic  duct.  Apart  from  the  fat  value,  the  composition 
of  lymph  and  chyle  are  similar. 


EXPERBIENTS    ON    BlOOD, 

L  Defibrinated  Ox-blood. 

1.  Reaction. — Moisten  red  and  blue  litmus  papers  with  10  per  cent 
sodium  chloride  solution  and  test  the  reaction  of  the  defibrinated  blood. 
Test  by  congo-red  paper  also. 

2.  Microscopical  Examination.— Examine  a  drop  of  defibrinated 
blood  under  the  microscope.  Compare  the  objects  j'ou  observe  with 
Plate  IV',  opposite  page  ig6.  Repeat  the  lest  with  a  drop  of  your  own 
blood. 

3.  Specific  Gravity.^ — Determine  the  specific  gravity  of  defibrinated 
blood  by  means  of  an  ordinary  specific  gravity  spindle.  Compare  this 
result  with  the  specific  gravity  as  determined  by  Hammerschlag's  method 
in  the  next  experiment,       i  .ir-b  ^  5 

4.  gpsc^  Qtawty  tjy  I^mmerschlag's  Method.— Fill  an  ordinary 
urinometer  cylinder  about  one-half  full  of  a  nii.i£ture  of  chloroform  and 
benzene,  ha\ing  a  specific  gravity  of  approximately  i .  050.  Into  this  mix- 
ture allow  a  drop  of  the  blood  under  examination  to  fall  from  a  pipette 
or  directly  from  thefingerin  case  fresh  blood  is  being  examined.  Care  must 
be  taken  not  to  use  too  large  a  drop  of  blood  and  to  keep  the  drop  from 
coming  in  contact  with  the  walls  of  the  cylinder.  If  the  blood  drop  sinks 
to  the  bottom  of  the  vessel,  thus  showing  it  to  be  of  higher  specific  gravity 
than  the  surrounding  fluid,  add  chloroform  until  the  blood  drop  r 
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suspended  in  the  mixture.  Stir  carefully  with  a  glass  rod  after  adding  the 
chloroform.  If  the  blood  drop  rises  to  the  surface  upon  being  introduced 
into  the  mixture,  thus  showing  it  to  be  of  lower  specific  gravity  than  the 
surrounding  fluid,  add  benzene  until  the  blood  drop  remains  suspended  in 
the  mixture.  Stir  with  a  glass  rod  after  the  benzene  is  added.  After  the 
blood  drop  has  been  brought  to  a  suspended  position  in  the  mixture  by 
means  of  one  or  more  additions  of  chloroform  and  benzene  this  final 
mixture  should  be  filtered  throughmuslinand  its  specific  gravity  accurately 
determined.     What  is  the  specific  gravity  of  the  blood  under  examination? 

5.  Tests  for  Various  Constituents. — Place  10  c.c.  of  defibrinated 
blood  in  an  evaporating  dish,  dilute  with  100  c.c.  of  water  and  heat  to 
boying.  Is  there  any  coagulation,  and  if  so  what  bodies  form  the  coag-  ■ 
ultmi?  At  the  boiling-point  acidulate  slightly  with  dilute  acetic  acid. 
Filter.  The  filtrate  should  be  clear  and  the  coagulum  darjc  brown.  Re- 
serve this  coagulum.  What  body  gives  the  coagulum  this  color?  Evap- 
orate the  filtrate  to  about  25  cc,  filtering  off  any  precipitate  which  may 
form  in  the  process.     Make  the  following  tests  upon  the  filtrate: 

(j)  Fehline's  Test. —-Test  for  sugar  according  to  directions  givep  on 

(i)  CMoridcs, — To  a  small  amount  of  the  filtrate  in  a  test-tube  add 
a  few  drops  of  nitric  acid  and  a  little  silver  nitrate.  In  the  presence 
of  chloride,  a  white  precipitate  of  silver  chloride  will  form.    ?^Jjjj  j  J^j^Jf 

(c)  Phosphates.- — Test  for  phosphates  by  nitric  acid  and  mol>'bdic 
soluHbn  according  to  directions  given  on  page  64.       jW«aoJ_.  ^  ■ *    • 

id)  Proteose  and  Peptone. — Test  a  small  amount  of  the  solution  for 
proTSSse  and  peptone  by  saturating  with  anunonium  sulphate  according 
to  directions  given  on  page  no.    V*—  . 

{el  Crystallization  of  Sodium  Chloride. —VX&ct  the  remainder  of  the 
filtrate  in  a  watch  glass  and  evaporate  it  on  a  water-bath.  Examine 
the  crystals  under  the  microscope  and  compare  them  with  those  in 
Fig.  61.  page  2ij.  ^    ■ 

6.  Test  for  Iron.^ — Incinerate  a  small  portion  of  the  coagulum  from 
lhe"Ia.st  experiment(5)  in  a  porcelain  crucible.  Cool,  dissolve  the  residue 
in  dilute  hydrochloric  acid  and  test  for  iron  by  potassium  ferrocyanide 
or  ammonium  thiocyanate.  Which  of  the  constituents  of  the  blood 
contains  the  iron? 

7^  Hemolysis  ("LakyBlood'O-^^'Ott*  the  opacity  of  ordinary  defibri- 
nated blood.  Place  a  few  cubic  centimeters  of  this  blood  in  a  test-tube 
and  add  water,  a  little  at  a  time,  until  the  blood  is  rendered  transparent. 
Hamolysis  has  taken  place.  How  does  the  water  act  in  causing  this 
transparency?  Examine  a  drop  of  hsemolyzed  blood  under  the  micro- 
scope.    How  does  its   microscopical   appearance   differ  from  that  of 
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unaltered  blood?     What  other  agents  may   be  used   to   bring  about 
hjemolysis? 

8.  Osmotic  I*ressure.^Placc  a  few  cubic  centimeters  of  blood  in 
each  of  three  test-tubes.  Ha.inolyze  the  blood  in  the  first  tube  according 
to  directions  given  in  the  last  experiment  (7):  add  an  equal  volume  of 
isotonic  (o.g  per  cent)  sodium  chloride  to  the  blond  in  the  second  tube, 
and  an  equal  volume  of  10  per  cent  sodium  chloride  to  the  blood  in  the 
third  tube.  Mix  thoroughly  by  shaking  and  after  a  few  moments  exam- 
ine a  drop  from  each  of  the  three  tubes  under  the  microscope  (see  Figs. 
58  and  I20  below,  and  p.  377).  What  do  you  find  and  what  is  your 
explanation  from  the  slandi>oint  of  osmotic  pressure? 
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9.  Haemagglutination. — The  common  garden  bean,  such  as  the 
Scariet  Runner,"  contains  a  protein  substance  which  exhibits  the  inter- 
esting property  of  causing  a  clumping  or  agglutination  of  red  blood 
corpuscles. ' 

Dilute  defibrioated  blood'  ten  times  with  physiological  sodium 
chloride  solution  (0.9  per  cent)  and  place  i  c.c.  in  eact^f  three  small  test- 
tubes. 

Grind  three  beans  in  a  coffee  mill,  or  with  mortar  and  pestle  to  a  fine 
meal  and  extract  for  a  few  minutes  with  0.9  per  cent  sodium  chloride 
solution.     Filter  and  add  0.05  c.c.  (about  2-3  drops)  of  the  filtered 

'  The  Scarlet  Runner  is  a  familar  variety  purchasable  in  every  seed  store.  Ridn  a 
prateiD  coDstitucnt  of  the  castor  bean  also  possesses  pronounced  agglutinaliog  properties, 
Because  uf  its  poisonous  nature  it  is,  however,  not  suitable  (or  use  in  i.la.'w  experiments. 

'  Mendel;  Arck'mo  di  fisiolagia,  7,  ifiS,  1909;  Schneider:  JounuU  Biol.   Chem.,  11,  4;, 
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extract  to  the  first  of  the  blood  tubes;  o.oi  c.c.  to  the  second;  and  0.05 
of  0.9  per  cent  sodium  chloride  to  the  third. 

Invert  each  tube  to  mix  the  contents  thoroughly,  and  note  the  rapid 
agglutination,  and  precipitation  of  the  blood  corpuscles  in  the  first 
tube,  a  less  rapid  agglutination  in  the  second,  while  the  third  or  con- 
trol tube  remains  unaltered.  In  one-half  hour  the  corpuscles  In  the 
first  tube  often  are  packed  solid  and  one  is  able  to  pour  off  perfectly 
clear  serum. 

If  the  remainder  of  the  bean  extract  is  boiled  for  a  few  minutes,  the 
coagulum  filtered  out  and  0.05  c.c.  of  the  filtrate  added  to  the  control 
tube,  still  no  agglutination  occurs,  indicating  that  the  haemagglutinin 
has  been  destroyed  or  removed  by  the  boiling. 

10.  Diffusion  of  HfiBmoglobin.— Prepare  some  hctmolyzed  ("laky") 
blood,  thus  liberating  the  hemoglobin  from  the  erthrocytes.  Test  the 
diffusion  of  the  ha?moglobin  by  preparing  a  dialyzer  like  one  of  the  models 
shown  in  Fig.  2,  page  30.  How  does  hEcmoglobin  differ  from  other  well- 
known  crystal  I  izable  bodies? 

11.  Guaiac  Test^ — To  5  c.c.  of  water  in  a  test-tube  add  two  drops 
of  blood.  By  means  of  a  pipette  drop  an  alcoholic  solution  of  guaiac 
(strength  about  1:60)^  into  the  resulting  mixture  until  a  turbidity  is 
observed  and  add  old  turpentine  or  hydrogen  peroxide,  drop  by  drop, 
until  a  blue  color  is  obtained.  Do  any  other  substances  respond  in  a 
similar  manner  tolhis  test?  Is  a  positive  guaiac  test  a  sure  indication  of 
the  presence  of  blood? 

12.  Schuimn's  Modification  of  the  Guaiac  Test — To  about  5  c.c. 
of  the  solution  under  examination'  in  a  test-tube  add  about  ten  drops 
of  freshly  prepared  alcoholic  solution  of  guaiac.  Agitate  the  tube  gently, 
add  about  20  drops  of  old  turpentine,  subject  the  tube  to  a  thorough 
shaking  and  permit  it  to  stand  for  about  2-3  minutes.  A  blue  color 
indicates  the  presence  of  blood  in  the  solution  under  examination.  In 
case  there  is  insufficient  blood  to  yield  a  blue  color  under  these 
conditions,  a  few  c.c.  of  alcohol  should  be  added  and  the  tube  gently 
shaken,  whereupon  a  blue  coloration  will  appear  in  the  upper  alcohol- 
turpentine  layer. 

A  control  test  should  always  be  made,  using  water  in  place  of  the 
solution  under  examination.  In  the  detection  of  very  minute  traces  of 
blood  only  3-5  drops  of  the  guaiac  solution  should  be  employed. 

13.  Adler's  Benzidine  Reaction. — This  is  one  of  the  most  delicate 
of  the  reactions  for  the  detection  of  blood.    Different  benzidine  prepara- 

I  Ituckmuster  aiUises  the  use  of  an  alcoholic  solution  of  guajaconic  acid  instead  of  ao 
»lciiholic  soluiion  of  puui.ic  resin. 

'Alkaline  solulions  !.hould  be  made  slightly  acid  wilh  acelic  acid,  as  the  blue  end- 
reaction  is  very  sensitive  lo  alkali. 
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tions  vary  greatly  in  their  sensitiveness,  however.  Inasmuch  as  benzidine 
solutions  change  readily  upon  contact  with  light  it  is  essential  that  they 
be  kept  in  a  dark  place.  The  test  is  performed  as  follows :  To  a  saturated 
solution  of  benzidine  in  alcohol  or  glacial  acetic  acid  add  an  equal  volume 
of  3  per  cent  hydrogen  peroxide  and  one  c.c.  of  the  solution  under  exami- 
nation. If  the  mixture  is  not  already  acid  render  it  so  with  acetic  acid, 
and  note  the  appearance  of  a  green  or  blue  color.  A  control  test  should 
be  made  substituting  water  for  the  solution  under  examination.  The 
sensitiveness  of  the  benzidine  reaction  is  greater  when  applied  to  aqueous 
solutions  than  when  applied  to  the  urine.  According  to  Ascarelli'  the 
benzidine  reaction  serves  to  detect  blood  when  present  in  a  dilution  of 
1 :  3000,000.  Walter^  has  also  recently  shown  the  test  to  be  very  delicate 
and  claims  it  to  be  more  satisfactory  than  the  guaiac  test. 

14.  Htemin  Test, — (a]_  Teichmann's  Method. — Place  a  very  small 
drop  of  blood  on  a  microscopic  slide,  add  a  minute  grain  of  sodium 
chloride*  and  carefully  evaporate  to  dryness  over  a  low  flame.  Pat  a 
cover  glass  in  place,  run  underneath  it  a  drop  of  glacial  acetic  acid  and 
warm  gently  until  the  formation  of  gas  bubbles  is  noted,  Add  another 
drop  of  glacial  acetic  acid,  cool  the  preparation,  examine  under  the 
microscope  and  compare  the  crystals  with  those  shown  in  Figs.  59  and  60, 
page  211.  The  hamin  crystals  result  from  the  decomposition  of  the 
hicmoglobin  of  the  blood.  What  are  the  steps  involved  in  this  process? 
The  ha-min  crystals  are  also  called  Teichmann's  crystals.  Is  this  an 
absolute  test  for  blood?  Is  it  possible  to  differentiate  between  human 
blood  and  the  blood  of  other  species  by  means  of  the  h^min  test? 

(6)  Atkinson  and  Kendall's  Method. — Introduce  a  small  amount  of 
the  solution  under  examination  into  a  tube  closed  at  one  end,  add  sodium 
chloride  and  glacial  acetic  acid  as  in  Teichmann's  method,*  fuse  or 
tightly  plug  the  open  end  of  the  tube  and  heat  for  fifteen  minutes  in  a 
boiling  water-bath.*  Remove  the  tube  and  permit  it  to  cool  to  room 
temperature  spontaneously.  When  the  tube  has  cooled,  break  it  open, 
transfer  the  contents  to  a  watch  glass  or  small  evaporating  dish  and 
concentrate  on  a  water-bath  until  the  volume  of  the  fluid  in  the  watch 
glass  or  dish  has  been  reduced  to  a  few  drops.  Transfer  a  drop  of  this 
fluid  to  a  slide,  cover  with  a  cover  slip,  allow  the  slide  to  stand  for  a  few 
minutes  and  exafnine  it  under  a  microscope.  Compare  the  crystals 
with  those  shown  in  Figs.  59  and  60,  page  211.  In  case  crystals  of  sodium 
chloride  {see  Fig.  61,  page  213)  obstruct  the  view  of  th^^min  crystals, 
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'  Ascarelli:  //  potkUn  set.  pral.,  1909. 

•  Waller:  Deui.  mrd.  Wack.,  ,i6,  p.  30Q. 

•  Buckmaster  considers  the  use  o(  potassium  cliloridc  preferabli:. 

•  Care  should  be  talcen  not  to  add  loo  great  an  escess  of  these  reagents. 

'  This  process  insures  constancy  of  temperature  and  strength  of  reagents. 
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Fig.  s^. — HfuiN  Crystals  troii  Huuah  Blood. 

Reproduced  from  a  znicro-pholograph  furnished  by  Prof.  E.  T.  Reichert,  of  the  University 

of  Pennsylvania. 


Fii;,  6o.^H*MiN  Crvstals  from  Sheep  Blood. 

Keproducc;d  from  a  micro- photograph  furnished  by  Prof.  E.  T.  Reichert,  of  the  Univendtjr. 

of  Pennsylvania. 
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dissolve  the  sodium  chloride  crystals  by  ninning  a  drop  of  water  under 
the  cover  slip. 

(c)  V.  Zeynek  and  Nencki's  Method. — To  lo  c.c.  of  defibrinated 
bloocTadd  acetone  until  no  more  precipitate  forms.  Filter  off  the  pre- 
cipitated protein  and  extract  it  with  lo  c.c.  of  acetone  made  add  with 
2-3  drops  of  hydrochloric  acid.  Place  a  drop  of  the  resulting  colored 
extract  on  a  slide,  immediately  place  a  cover  glass  in  position  and  examine 
under  the  microscope.  Upon  the  evaporation  of  the  acetone,  crystals 
of  h^nig  will  form.  Larger  crystals  may  be  obtained  by  evaporating 
the  acetone  extract  about  one-half,  transferring  it  to  a  stoppered  vessel 
and  allowing  it  to  remain  overnight. 

jd^  Sclialjijew's  Method. — Place  20  c.c.  of  glacial  acetic  acid  in  a 
small  beaker  and  heat  to  80°  C.  Add  5  c.c.  of  strained  defibrinated  blood, 
again  bring  the  temperature  to  80°  C,  remove  the  flame  and  allow  the 
mixture  to  cool.  Examine  the  crystals  under  the  microscope  and  compare 
them  with  those  reproduced  in  Figs.  59  and  60,  page  211. 

15.  Catalytic  Action.- — To  about  10  drops  of  blood  in  a  test-tube 
adotwice  the  volume  of  hydrogen  peroxide,  without  shaking.  The 
mixture  foams.     What  is  the  cause  of  this  phenomenon? 

16.  Preparation  of  Hffimatin.— Place  100  c.c.  of  htimolyzed  (laked) 
blood  in  a  beaker  and  add  95  per  cent  alcohol  until  precipitation  ceases. 
What  bodies  are  precipitated?  Transfer  the  precipitate  to  a  flask  and 
boil  with  95  per  cent  alcohol  previously  acidulated  with  sulphuric  acid. 
Through  the  action  of  the  acid  the  haemoglobin  is  spUt  into  hiematin  and  a 
protein  body  called  globin.  Later  the  "  sulphuric  acid  ester  of  htematin  " 
is  formed,  which  is  soluble  in  the  alcohol.  Continue  heating  until  the 
precipitate  is  no  longer  colored,  then  filter.  Partly  saturate  the  filtrate 
with  sodium  chloride  and  warm.  In  this  process  the  "hydrochloric  add 
ester  of  ha^matin"  is  .formed.  Filter  and  dissolve  on  the  filter  paper  by 
sodium  carbonate.  Save  this  alkaline  solution  of  hiematin  and  make  a 
spectroscopic  examination  later  after  becoming  familiar  with  the  use  of 
the  spectroscope.  How  does  the  spectrum  of  oxyha;moglobin  differ  from 
that  of  the  derived  alkali  hamalin? 

17.  Variation  in  Size  of  Erythroqrtes. — Prepare  two  small  funnels 
with  filter  papers  such  as  are  used  in  quantitative  analysis.  Moisten  each 
paper  with  physiological  (isotonic)  salt  solution.  Into  one  fumiel  intro- 
duce a  small  amount  of  defibrinated  ox  blood  and  into  the  other  funnel 
allow  blood  to  drop  directly  from  a  decapitated  frog.  Note  that  the 
£ltratc  from  the  ox  blood  is  colored  whereas  that  from  the  frog  blood  is 
colorless.  What  deduction  do  you  make  regarding  the  relative  size  of  the 
erythrocytes  in  ox  and  frog  blood?    Does  either  filtrate  clot?    Why? 
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U.  Blood  Senun.' 

1.  Coagulation  Temperature. — Place  5  c.c.  of  undiluted  serum  in  a 
test-tube  and  delernune  its  temperature  of  coagulation  according  to  the 
methoti  described  on  page  106.  Note  the  temperature  at  which  a  cloudi- 
ness occurs  as  well  as  the  temperature  at  which  coagulation  is  complete. 

2.  Precipitation  by  Alcohol. — To  5  c.c.  of  senun  in  a  test-tube  add 
twice  the  amount  of  95  per  cent  alcohol  and  thoroughly  mix  by  shaking. 
What  is  this  precipitate?  Make  a  confirmatory  test.  Test  the  alcoholic 
filtrate  for  protein.     Explain  the  result. 

3.  Proteins  of  Blood  Serum. — Place  about  10  c.c.  of  serum  in  a 
small  evafiorating  dish,  dilute  with  5  c,c.  of  water  and  heat  to  boiling. 
At  the  boiling-point  acidify  slightly  with  dilute  acetic  acid.  Of  what 
does  this  coagulum  consist?  Filter  off  the  coagulum  (re5er\'e  the  filtrate) 
and  test  it  as  follows: 

(a)  union's  Reaction. — Make  the  test  according  to  directions  given 
on  page  97. 

{b)  Hopkitis-Colc  Reaction. — Make  the  test  according  to  directions 
given  on  page  98. 


Fio.  61.— Sodium  CHw^niDt. 


4.  Sugar  in  Serum.— Test  a  little  of  the  filtrate  from  Experiment  3 
by  Fehling's  test.     What  do  j^ou  conclude? 

5.  Detection  of  Sodium  Chloride. — (a)  Test  a  little  of  the  filtrate 
from  Experiment  3  for  chlorides,  by  the  use  of  nitric  add  and  silver 
nitrate,  (b)  Evaporate  5  c.c.  of  the  filtrate  from  Experiment  3  in  a  watch 
glass  on  a  water-bath.  Examine  the  crystals  and  compare  them  with  those 
reproduced  in  Fig.  61,  above. 

'  For  direcliona  as  to  prepatalioo  of  serum,  aec  Appendix. 
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6.  Separation  of  Senim  Globulin  and  Serum  Albumin. — Place 

lo  ex.  of  blood  senun  in  a  small  beaker  and  saturate  with  magne^um 
sulphate,  ^liat  b  this  precipitate?  Filter  it  off  and  addify  the  filtrate 
sli}{htly  with  acetic  acid.  What  is  this  second  precipitate?  Fitter  this 
precipitate  off  and  test  the  filtrate  by  the  biuret  test.  \Mtat  do  you 
conclude? 

m.  Blood  PUiDu. 

1.  Preparation  of  Ozalated  Plasma.— Allow  arterial  blood  to  run 
into  an  equal  volume  of  0.2  per  cent  ammonium  oxalate  solution. 

2.  Preparation  of  Fibrinogen. — To  25  c.c.  of  oxalated  plasma  add 
an  equal  volume  of  saturated  sodium  chloride  solution.  Note  the  pre- 
cipitation of  fibrinogen.  Filter  off  the  precipitate  (reserve  the  filtrate) 
and  test  it  by  a  protein  color  test  (see  page  97). 

3.  Effect  of  Calcium  Salts. — Place  a  small  amount  of  oxalated 
plasma  in  a  test-tube  and  add  a  few  drops  of  a  2  per  cent  calcium  chloride 
solution.     What  occurs?     Explain  it. 

4.  Preparation  of  Salted  Plasma. — Allow  arterial  blood  to  nm  into 
an  equal  volume  of  a  saturated  solution  of  sodium  sulphate  or  a  10  per 
cent  solution  of  stxlium  chloride.  Keep  the  mixtiire  in  a  cool  place  for 
about  twenly-four  hours. 

5.  Effect  of  Dilution. — Place  a  few  drops  of  salted  plasma  in  a  test- 
tube  and  dilute  it  with  10-15  volumes  of  water.  What  do  you  observe? 
Ivxplain  it. 

6.  Crystallization  of  Qxyheemoglobin.  Reicltert's  Method. — Add 
to  s  c.c.  of  the  blood  of  the  dog,  horse,  guinea-pig,  or  rat,  before  or  after 
laking,  or  defibrinating,  from  i  to  5  per  cent  of  ammonium  oxalate  in 
substance.  Place  a  drop  of  this  oxalated  blood  on  a  sUde  and  examine 
under  the  microscope.  The  crystals  of  oxyhamioglobin  will  be  seen  to 
form  at  once  near  the  margin  of  the  drop,  and  in  a  few  minutes  the  entire 
drop  may  be  a  solid  mass  of  crystals.  Compare  the  crystals  with  those 
shown  in  Figs.  51  to  57,  pages  198  to  201. 

IV.  Fibrin. 

I.  Preparation  of  Fibrin. — Allow  blood  to  flow  directly  from  the 
animal  into  a  vessel  and  rapidly  wkip  it  by  means  of  a  bundle  of  twigs, 
a  mass  of  strong  cords,  or  a  specially  constructed  beater.  If  a  pxire  fibrin 
is  desired  it  is  not  best  to  attempt  to  manipulate  a  large  voltmie  of  blood 
at  one  time.  After  the  fibrin  has  been  collected  it  should  be  freed  from 
any  adhering  blood  clots  and  washed  in  water  to  remove  further  traces  of 
blood.  The  pure  jiroduct  should  be  very  light  in  color.  It  may  be  pre- 
served under  glycerol,  dilute  alcohol,  or  chloroform  water. 
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2.  Solubility. — Try  the  solubility  of  small  shreds  of  freshly  prepared 
fibrin  in  the  usual  solvents. 

3.  Millon's  Reaction. — Make  the  test  according  to  directions  given 
on  page  97. 

4.  Hopkins-Cole  Reaction.— Make  the  test  according  to  directions 
given  on  page  98. 

5.  Biuret  Test. — Make  the  test  according  to  directions  given  on  page 
98. 

V.  Detection  of  Blood  in  Stains  on  Cloth,  Etc 

1.  Identification  of  Corpuscles. — If  the  stain  under  examination  is 
on  cloth  a  portion  should  be  extracted  with  a  few  drops  of  glycerol  or 
physiological  (0.9  per  cent)  sodium  chloride  solution.  A  drop  of  this 
solution  should  then  be  examined  under  the  microscope  to  determine  if 
corpuscles  are  present. 

2.  Tests  on  Aqueous  Extract — A  second  portion  of  the  stain  should 
be  extracted  with  a  small  amount  of  water  and  the  following  tests  made 
upon  the  aqueous  extract: 

(a)  Hmmochromogen.—'iAakii  a  small  amount  of  the  extract  alkaline 
by  potassium  hydroxide  or  sodium  hydroxide,  and  heat  until  a  brownish- 
green  color  results.  Cool  and  add  a  few  drops  of  ammonium  sulphide  or 
Stokes'  reagent  {see  page  216)  and  make  a  spectroscopic  examination. 
Compare  the  spectrum  with  that  of  hiemochromogen  (see  Absorption 
Spectra,  Plate  II). 

{b)  HcEmin  Test.— Make  this  test  upon  a  small  drop  of  the  aqueous 
extract  according  to  the  directions  given  on  page  21c. 

(c)  Guaiac  Test. — Make  this  test  on  the  aqueous  extract  according  to 
the  directions  given  on  page  209.  The  guaiac  solution  may  also  be 
applied  directly  to  the  stain  without  previous  extraction  in  the  following 
manner:  Moisten  the  stain  with  water,  and  after  allowing  it  to  stand 
several  minutes,  add  an  alcoholic  solution  of  guaiac  (strength  about  1 :  60) 
and  a  little  hydrogen  peroxide  or  old  turpentine.  The  customary  blue 
color  will  be  observed  in  the  presence  of  blood. 

(d)  Benzidine  Reaction. — Make  this  test  according  to  directions  given 
on  p.  209. 

(c)  Acid  Hamalin. — If  the  stain  fails  to  dissolve  in  water  extract  with 
acid  alcohol  and  examine  the  spectrum  for  absorption  bands  of  add 
hffimatin  (see  Absorption  Spectra,  Plate  II). 

VL  Spectroscopic  Euuuiaation  of  Blood. 
(For  Absorption  Spectra  see  Plates  I,  and  II.) 
Either  the  aw^M/ar-vision  spectroscope  (Figs.  63  and  64,  page  217)  or 
the  direct-vision  spectroscope  (Fig.  62,  page  216)  may  be  used  in  making 
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the  spectroscopic  examination  of  the  blood.  For  a  complete  description 
of  these  instruments  the  student  is  referred  to  any  standard  text-book  of 
physics. 

I.  Oxyhasmogjobin,^ — Examine  dihite  (1:50)  detibrinated  blood 
spectroscopically.  Note  the  broad  absorption-band  between  D  and  E. 
Continue  the  dilution  until  this  single  broad  band  gives  place  to  two 
narrow  bands,  the  one  nearer  the  D  line  being  the  narrower.  These  are 
the  typical  absorption -bands  of  oxyha;inoglobin  obtained  from  dilute 
solutions  of  blood.  Now  dilute  the  blood  very  freely  and  note  that  the 
bands  gradually  become  more  narrow  and,  if  the  dilution  is  sufficiently 
great,  they  finally  entirely  disappear. 


Vii:.  6;. — DiEECi-VisloN  SPECiaoscopE. 

2.  Hfiemoglobin  (so-called  iJerfwccd  Hsemoglobin). — To  blood  which 
has  been  diluted  sufficiently  to  show  well-defined  oxyha^moglobin  absorp- 
tion-bands add  a  small  amount  of  Stokes'  reagent.''  The  blood  immedi- 
ately changes  in  color  from  a  bright  red  to  violet-red.  The  oxyha^no- 
globin  has  been  reduced  through  the  action  of  Stokes'  reagent  and  haemo- 
globin (so-called  reduced  ha;moglobin)  has  been  formed.  This  has  been 
brought  about  by  the  removal  of  some  of  the  loosely  combined  oxygen 
from  the  oxyhaanoglobin.  Examine  this  htemoglobin  spectroscopically. 
Note  that  in  place  of  the  two  absorption  bands  of  oxyhsemoglobin  we  now 
have  a  single  broad  band  lying  almost  entirely  between  D  and  E.  Tliis 
is  the  typical  spectrum  of  hemoglobin.  If  the  solution  showing  this 
spectrum  be  shaken  in  the  air  for  a  few  moments  it  will  again  assume  the 
bright  red  color  of  oxyhiemoglobin  and  show  the  characteristic  spectrum 
of  that  pigment. 

3,  Carbon  Monoxide  Hemoglobin. — The  preparation  of  this  pig- 
ment may  be  easily  accomphshcd  by  passing  ordinary  illuminating  gas^ 
through  delibrinated  ox-blood.  Blood  thus  treated  assumes  a  brighter 
tint  (carmine)  than  that  imparted  by  oxyha;moglobin.  In  very  dilute 
solution  oxyha^moglobin  appears  yellowish-red  whereas  carbon  monoxide 
haemoglobin  under  the  same  condiUons  appears  bluish-red.     Examine  the 

'  Stokes'  reageaC  is  n  solution  containing  3  per  cent  ferrous  sulpliate  and  s  per  cciil  tar- 
taric acid.  When  needed  for  use  a  small  amount  should  be  placed  in  a  tesl-lube  and  ammo- 
nium hydroxide  added  until  the  predpitale  which  forms  on  lliE  first  addition  of  the  hydroxide 
has  entirely  lUssolved.    This  produces  ammonium  ferrolarlrale  which  is  n  reducing  agent. 

*  The  so-called  water  gas  with  which  ordinary  illuminating  gas  is  diluted  contains  usually 
as  much  as  20  per  cent  of  carbon  monoiide  (CO). 
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carbon  monoxicle  hasmoglobin  solution  spectroscopically.  Observe  that 
the  spectrum  of  this  body  resembles  the  spectrum  of  oxyhtemoglobin  in 
showing  two  absorption-bands  between  D  and  E.    The  bands  of  carbon 


Fic.  63.— Angular-1 


Absorption  Analysis. 


monoxide  hemoglobin,  however,  are  somewhat  nearer  the  violet  end  of 
the  spectrum.  Add  some  Stokes'  reagent  to  the  solution  and  again 
examine  spectroscopically.  Note  that  the  position  and  intensity  of  the 
absorption-bands  remain  unaltered. 


Fir..  64.— Diagram  of  Anculah-vision  Spectroscope.  (Long.) 
The  white  light  7-' en LcFR  Lhe  colhmaLor  tube  throu|;h  a  narrow  slit  and  passes  to  the  prism  • 
P,  which  has  the  power  uf  refracting  and  dispersing  the  light.  The  rays  then  pass  to  the 
double  convex  lens  of  the  ocular  tube  and  are  deflected  to  the  eye-piece  E.  The  dotted 
lines  show  the  magnified  virtual  image  which  is  formed.  The  third  tube  contains  a  scale 
whose  image  is  reflected  into  the  ocular  and  shown  with  the  spectrum.  Between  the  light 
F  and  the  collimator  slit  is  placed  a  cell  to  hold  the  solution  undergoing  examination. 

The  following  is  a  delicate  cliemical  test  for  the  detection  of  carbon 
monoxide  hemoglobin: 

Tannin  Test.— Divide  the  blood  to  be  tested  into  two  portions  and 
dilute  each  with  four  volumes  of  distilled  water.    Place  the  diluted  blood 
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mixtures  in  two  small  flasks  or  large  test-tubes  and  add  ao  drops  of  a  lo 
per  cent  solution  of  potassium  ferricyanide.'  Allow  both  solutions  to 
stand  for  a  few  minutes,  then  stopper  the  vessels  and  shake  one  vigorously 
for  10-15  niiniites,  occasionally  removing  the  stopper  to  permit  air  to 
enter  the  vessel.*  Add  5-10  drops  of  ammonium  sulphide  (yellow)  and 
10  c.c.  of  a  10  per  cent  solution  of  tannin  to  each  flask.  The  contents  of 
the  shaken  flask  will  soon  exhibit  the  formation  of  a  dirty  olive  green 
precipitate,  whereas  the  flask  which  was  not  shaken  and  which,  therefore, 
still  contains  carbon  monoxide  hjcmoglobin,  will  exhibit  a  bright  red 
precipitate,  characteristic  of  carbon  monoxide  hfemoglobin.  This 
test  is  more  delicate  than  the  spectroscopic  test  and  serves  to  detect 
the  presence  of  as  low  a  content  as  5  per  cent  of  carbon  monoxide 
hemoglobin. 

4.  Neutral  Metlueiiio^bin.^Dilute  a  little  defibrinated  blood 
(1  :io)  and  add  a  few  drops  of  a  freshly  prepared  10  per  cent  solution  of 
potassium  ferricyanide.  Shake  this  mixture  and  observe  that  the  bright 
red  color  of  the  blood  is  displaced  by  a  brownish  red.  Now  dilute  a 
little  of  this  solution  and  examine  it  spectroscopically.  Note  the  single, 
very  dark  absorption-band  lying  to  the  left  of  D,  and,  if  the  dilution  is 
sufliciently  great,  also  observe  the  two  rather  faint  bands  lying  between 
D  and  E  in  somewhat  similar  positions  to  those  occupied  by  the  absorp- 
tion bands  of  oxyhsemoglobin.  Add  a  few  drops  of  Stokes'  reagent  to  the 
meth  Hemoglobin  solution  while  it  is  in  position  before  the  spectroscope 
and  note  the  immediate  appearance  of  the  oxyhemoglobin  spectrum 
which  is  quickly  followed  by  that  of  haemoglobin. 

5.  Alkaline  Metluemoglobin. — Render  a  neutral  solution  of  met- 
hemoglobin,  such  as  that  used  in  the  last  experiment  (4),  slightly  alkahne 
with  a  few  drops  of  ammonia.  The  solution  becomes  redder  in  color, 
due  to  the  formation  of  alkaline  raethemoglobin  and  shows  a  spectrum 
different  from  that  of  tlie  neutral  body.  In  this  case  we  have  a  band  on 
either  side  of  D.  the  one  nearer  the  red  end  of  the  spectrum  being  much 
the  fainter.  A  third  band,  darker  than  either  of  those  mentioned,  lies 
between  D  and  E  somewhat  nearer  E. 

6.  Alkali  HsematiB.— Observe  the  spectrum  of  the  alkali  haanatin 
prepared  in  Experiment  16  on  page  212.  Also  make  a  spectroscopic 
examination  of  a  freshly  prepared  alkali  hematin.'  The  typical  spec- 
trum of  alkali  htematin  shows  a  single  absorption-band  l>ing  across  D 
and  mainly  toward  the  red  end  of  the  spectrum. 

'  This  transforms  the  oxyhemoglobin  into  methfcmi'glcbin. 

'  This  is  done  to  free  the  blood  from  carbon  monoxide  hemoglobin. 

■  Alkali  hxmadn  may  be  prepared  by  mixing  one  volume  of  a  concentrated  potassium 
hydroxide  or  sodium  hydroxide  solution  and  two  volumes  of  dilute  {t :  s)  defibrinated  blood. 
This  mixture  should  be  heated  gradually  almost  to  boiling,  then  cooled  and  shaken  for  a 
*      'le  air  before  e; 
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7.  Reduced  Alkali  Hfematin  or  Heemochromogen.— Dilute  the 
alkali  ha;matin  solution  used  in  the  last  experiment  (6)  to  such  an  extent 
that  it  shows  no  absorption  band.  Now  add  a  few  drops  of  Stokes' 
reagent  and  note  that  the  greenish-brown  color  of  the  alkali  h;ematin 
solution  is  displaced  by  a  bright  red  color.  This  is  due  to  the  formation 
of  hiemochromogen  or  reduced  alkali  ha,-matin.  Examine  this  solution 
sped  rose  Dpi  call  y  and  obser\'e  the  narrow,  dark  absorption-band  lying 
midway  between  D  and  E.  If  the  dilution  is  not  too  great  a  faint  band 
may  be  obser\'cd  in  the  green  extending  across  E  and  b. 

8.  Acid  HEematin. — To  some  de&brinated  blood  add  half  its  vol- 
ume of  glacial  acetic  acid  and  an  equal  volume  of  ether,  Mix  thor- 
oughly. The  acidified  ethereal  solution  of  hfematin  rises  to  the  top  and 
may  be  poured  off  and  used  for  the  spectroscopic  examination.  If 
deared  it  may  be  diluted  with  acidified  ether  in  the  ratio  of  one  part  of 
glacial  acetic  acid  to  two  parts  of  ether,  A  distinct  absorption-band  will 
be  noted  in  the  red  between  C  and  D  and  lying  somewhat  nearer  C  than 
the  band  in  the  methasmoglobin  spectrum.  Between  D  and  F  may  be 
seen  a  rather  indistinct  broad  band.  Dilute  the  solution  until  this  band 
resolves  itself  into  two  bands.  Of  these  the  more  prominent  is  a  broad, 
dark  absorption-band  lying  in  the  green  between  b  and  F.  The  second, 
a  narrow  band  of  faint  outline,  lies  in  the  light  green  to  the  red  side 
of  E.  A  fourth  very  faint  band  may  be  observed  Ij'ing  on  the  violet 
^de  of  D. 

g.  Acid  Hsematopoiphyrin. — To  5  c.c,  of  concentrated  sulphuric 
acid  in  a  test-tube  add  two  drops  of  blood,  mixing  thoroughly  by  agitation 
after  the  addition  of  each  drop,  A  wine-red  solution  is  produced.  Ex- 
amine this  solution  spectroscopically.  Acid  hsmatoporphyrin  gives  a 
spectrum  with  an  absorption-band  on  either  side  of  D,  the  one  nearer  the 
red  end  of  the  spectrum  being  the  narrower, 

10.  Alkaline  Hsematoporphyrin. — Introduce  the  acid  haOTiato- 
porphyrin  solution  just  examined  into  an  excess  of  distilled  water.  Cool 
the  solution  and  add  potassium  hydroxide  slowly  until  the  reaction  is  but 
slightly  acid.  A  colored  precipitate  forms  which  includes  the  principal 
portion  of  the  hiematoporphyrin.  The  presence  of  sodium  acetate 
facilitates  the  formation  of  this  precipitate.  Filter  off  the  precipitate  and 
dissolve  it  in  a  small  amount  of  dilute  potassium  hydroxide.  Alkaline 
hsematoporphyrin  prepared  in  this  way  forms  a  bright  red  solution  and 
possesses  four  absorption-bands.  The  first  is  a  very  faint,  narrow  band 
in  the  red.  midway  between  C  and  D;  the  second  is  a  broader,  darker 
band  lying  across  D,  principally  to  the  violet  side.     The  third  absoiption- 

■d  lies  principally  between  D  and  E,  extending  for  a  short  distance 
"  to  the  violet  side,  and  the  fourth  band  is  broad  and  dark  and  lies 
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between  b  and  F.     The  first  band  mentioned  is  the  faintest  of  the  four 
and  is  the  first  to  disappear  when  the  solution  is  diluted. 

VII.     Inslruments  Used  in  the  Clinical  Examination  of  the  Blood. 

I.  Flejschl's  Haemometer  (Fig.  65,  below).— This  is  an  instrument 
used  quite  extensively  clinically,  for  the  quantitative  determination  of 
haemoglobin.  The  instrument  consists  of  a  small  cylinder  which  is  pro- 
vided with  a  fixed  glass  bottom  and  a  movable  glass  cover,  and  which  is 
divided,  by  means  of  a  metal  septum,  into  two  compartments  of  equal 
capacity.  This  cylinder  is  supported  m  a  vertical  position  by  means  of  a 
mechanism  which  resembles  the  base  and 
stage  of  an  ordinary  microscope.  Under- 
neath the  stage  is  placed  a  colored  glass 
wedge  (see  Fig.  67,  p.  221),  so  arranged 
as  to  run  immediately  beneath  the  glass 
bottom  of  one  of  the  compartments  of  the 
cylinder  and  ground  in  such  a  manner 
that  each  part  of  the  wedge  corresponds 
in  color  to  a  solution  of  harraoglobin  of 
some    definite    percentage.    The    glass 

wedge  is  hekl  in  a  metal  frame  and  may 

Fig.  fis-— Fif  iscai's  llsMOMETEB.  be  moved  backward  or  forward  by  means 
01  a  rack  and  pmion  arrangement.  A 
scale  along  the  side  of  this  frame  indicates  the  percentage  of  the  normal 
amount  of  hemoglobin  which  each  particular  variation  in  the  depth  of 
color  oE  the  ground  wedge  represents,  taking  the  normal  haemoglobin 
content  as  100.'  In  a  position  corresponding  to  the  position  of  the 
mirror  on  the  ordinary  microscope  is  attached  a  light-colored  opaque 
plate  which  serves  to  reflect  the  light  upward  through  the  colored  wedge 
and  the  cylinder  to  the  eye  of  the  observer. 

In  making  a  determination  of  the  percentage  of  hemoglobin  by 
this  instrument  the  procedure  is  as  follows:  Fill  each  compartment 
about  three-fourths  full  of  distilled  water.  Puncture  the  finger-tip 
or  lobe  of  the  ear  of  the  subject  by  means  of  a  sterile  needle  or  scalpel  and, 
as  soon  as  a  drop  of  blood  appears,  place  one  end  of  the  capillary  pipette 
(Fig.  66),  which  accompanies  the  instrument,  against  the  drop  and  allow 
it  to  fill  by  capillary  attraction.  To  prevent  the  blood  from  adhering  to 
the  exterior  of  the  tube,  and  so  render  the  determination  inaccurate,  it  is 
customary  to  apply  a  very  thin  coating  of  mutton  fat  to  the  outer  surface 
before  using  or  to  wrap  the  tube  in  a  piece  of  oily  chamois  when  not  in 
use.    As  soon  as  the  tube  has  been  accurately  filled  with  blood  it  should 
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be  dipped  into  the  water  of  one  of  the  compartments  of  the  cylinder  and 
all  traces  of  the  blood  washed  out  with  water  by  means  of  a  small  dropper 
which  accompanies  the  instrument.  If  the  blood  is  not  well  distributed 
throughout  the  compartment  and  does  not  form  a  homogeneous  solution 
the  contents  of  the  compartment  should  be  mixed  thoroughly  by  means 
of  the  metal  handle  of  the  capillary  measuring  pipette.  When  this  has 
been  done  each  compartment  should  be  completely  filled  with  distilled 
water  and  the  glass  cover  adjusted,  care  being  taken 
that  the  contents  of  the  two  compartments  do  not  mix. 
Now  adjust  the  cylinder  so  that  the  compartment 
containing  the  pure  distilled  water  is  immediately 
above  the  colored  glass  wedge.  By  means  of  the  rack 
and  pinion  arrangement  manipulate  the  colored  wedge 
until  a  portion  of  it  is  found  which  corresponds  in  ^"^-  66.— Pipette 
color  with  the  diluted  blood.  When  this  agreement  h-emometeh. 
in  color  has  been  secured  the  point  on  the  scale  cor- 
responding to  this  particular  color  should  be  read  and  the  actual  per- 
centage of  haimoglobin  computed.  For  instance,  if  the  scale  reading  is 
90  it  means  that  the  blood  under  examination  contains  90  per  cent  of  the 
Bonnal  qtiantity  of  haemoglobin,  i.  e.,  90  per  cent  of  14  per  cent. 

3.  Fleischl-Miescher  Hfemometer.— The  apparatus  of  Fleischl 
has  recently  been  modified  by  Miescher.  If  all  precautions  are  taken, 
the  margin  of  error  in  the  absolute  quantity  of  hemoglobin  determined 
by  this  instrument  does  not  exceed  0.15-0.22  per  cent  by  weight  of  the 
blood.  Detailed  directions  for  the  manipulation  of  the  Fleischl-Miescher 
hiemometer  accompany  the  instrument.  In  brief  Miescher  modified  the 
instrument  as  follows:  (i)  The  scale  of  each  instrument  is  supplied  yith 
a  caliber  table  of  absolute  haemo- 
globin values,  expressed  in  milli- 
grams: the  scale  of  Fleischl's  hasmo- 
metcr  shows  the  percentage  of 
haemoglobin  in  relation  to  an 
average  selected  somewhat  arbi- 
trarily. Thus  many  errors  arising 
from  the  irregular  coloring  of  the 
glass  wedge  of  the  older  apparatus  are  avoided  in  the  instrument  as 
modified.  (2)  Each  instrument  is  accompanied  by  a  measuring  pipette 
(melangeur)  which  allows  of  a  more  accurate  measurement  of  the  blooH 
than  was  possible  with  the  capillary  tubes  of  the  older  apparatus. 
With  the  aid  of  the  measuring  pipette  mentioned  above  blw 
degrees  of  concentration  may  be  compared.  In  this  way 
examinations  are  controlled  and  a  check  upon  the  accunu 
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alion  in  the  color  of  the  glass  wedge  is  also  afforded.  This  wedge  is  much 
more  evenly  and  accurately  colored  than  in  the  unmodified  apparatus 
of  Fleischl.  (4)  Before  reading  the  percentage  as  indicated  by  the  scale, 
the  chamber  is  covered  with  a  glass  and  a  diaphragm  which  sharply 
define  the  field  on  all  sides  without  the  formation  of  a  meniscus. 

The  measuring  pipette  is  constructed  essentially  the  same  as  the 
pipettes  which  accompany  the  Thoma-Zeiss  apparatus  (see  page  225). 
The  capillary  portion,  however,  is 
- '■  ■^~~''  graduated,  i,  2/3  and  1/3  which 

enables  the  observer  to  dilute  the 
blood  sample  in  the  proportion  of 
1:200,  i:30Q  or  1:400  as  he  may 
desire.  If  there  is  difficulty  in 
drawing  in  the  blood  exactly  to  one 
of  the  graduations  just  mentioned 
the  amount  of  blood  above  or  below 
the  volume  indicated  by  the  gradu- 
ation may  be  determined  by  means 
of  certain  delicate  cross-lines  which 
are  placed  directly  above  and  below 
the  graduation.  Each  cross-line 
corresponds  to  i/ioo  of  the  volume 
of  the  capillary  tube  from  the  tip 
to  the  I  graduation. 

A  0.1  per  cent  solution  of  sodium 

carbonate  is  used  to  dissolve  the 

stroma  of  the  erythrocytes  and  so 

render  the  blood  solution  perfectly 

clear.     If  this  is  not  done  the  color 

of   the   blood   solution   invariably 

appears  darker  in  tone  than  that  of 

the  colored  glass  wedge.     A  freshly 

prepared  sodium  carbonate  solution  should  be  used  in  order  that  the 

clearness  of  the  solution  may  not  be  marred  by  the  presence  of  sodium 

bicarbonate, 

3.  Dare's  Hsemoglobinometer  (Fig.  6S).— This  instrument,  as 
the  name  signifies,  is  used  for  the  determination  of  hemoglobin.  In 
using  either  Fleischl's  hjcmometer  or  the  instrument  as  modified  by 
Miescher  the  blood  is  diluted  for  examination,  whereas  with  the  Dare 
instrument  no  dUulion  is  required.  This  probably  allows  of  rather 
more  accurate  determinations  than  are  possible  with  the  old  Fleischl 
apparatus. 


■■    H^MOCLOOINOUETEK. 

{Da  Cosla.) 
R,  Milled  wheel  acting  by  a  friction  brar- 
ing  on  ihe  rim  of  the  color  disc;  S,  case  in- 
closing color  disc,  and  provided  with  a  stage 
towhich  the  tilood  chamber  is  fitted;  T,  mov- 
able winR  which  is  swung  outward  during  the 
obscTValion,  to  serve  as  a  screen  [or  the  ob- 
server's eyes,  and  which  acts  as  a  cover  lo 
inclose  the  color  disc  when  the  Instrument 
not  in  use;  U,  telescoping  camera  tube,  i 
portion  for  etaminalion;  V,  aperture  admit- 
ting light  for  illumination  of  the  color  disc; 
X,  capillar}-  blood  chamber  adjusted  to 
stage  of  instrument,  the  slip  of  opaque  gloss, 
W,  being  nearest  to  the  source  of  light;  Y. 
detachable  candle-holder;  Z,  rectangular 
slot  through  which  the  ha:moglobin  scale  in- 
dicated on  the  rim  of  the  color  disc  is  read. 
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The  instniment  consists  essentially  of  the  following  parts:  (i)  A 
capillary  observation  cell,  (2)  a  semicircular  colored  glass  wedge,  (3) 
a  milled  wheel  for  manipulating  the  wedge,  (4)  a  candle  used  to  illuminate 
portions  of  the  capillary  observation  cell  and  the  colored  wedge,  (5)  a 
small  telescope  used  in  the  examination  of  the 
areas  illuminated  by  the  candle  flame,  (6)  a 
scale  graduated  in  percentages  of  the  normal 
amount  of  hasmoglobin,  (7)  a  hard-rubber 
case,  (8)  a  movable  screen  attached  to  the  case. 

The  capillary  observation  cell  is  formed  of 
two  small,  polished  rectangular  plates  of  glass, 
one  being  transparent  and  the  other  opaque. 
When  held  in  position  on  the  instrument,  by 
means  of  a  small  metal  bracket,  the  opaque 
portion  of  the  cell  is  nearer  the  candle  and 
thus  serves  to  soften  the  glare  of  light  when 
an  observation  is  being  made.  The  trans- 
parent portion  of  the  cell  is  directly  over  a 
circular  opening  in  the  case,  through  which 
the  blood  specimen  is  viewed  by  means  of  the  small  telescope. 

The  semicircular  colored  glass  wedge  is  so  ground  that  each  par- 
ticular shade  of  color  corresponds  to  that  possessed  by  fresh  blood  which 
contains  some  definite  percentage  of  hsemoglobin.  It  is  mounted  upon 
a  disc  which  may  be  manipulated  by  the  milled  wheel  in  such  a  manner 
as  to  bring  successive  portions  of  the  wedge  in  position  to  be  viewed 
through  a  circular  opening  contiguous  to  the  opening  through  which  the 
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blood  specimen  is  viewed.    For  a  further  description  of  the  instniment 
see  Figs.  68,  69,  and  70. 

In  using  the  Dare  hjemoglobinometer  proceed  as  follows:  Puncture, 
the  finger-tip  or  lobe  of  the  ear  of  the  subject  by  means  of  a  needle  or 
scalpel  and,  after  a  drop  of  blood  of  good  proportions  has  formed,  place 
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the  flat  capillary  observation  cell  in  contact  with  the  drop  and  allow  it  to 
fill  by  capillary  attraction  {Fig.  70) .  Replace  the  cell  in  its  proper  place  on 
the  instrument.  When  in  position,  a  portion  of  this  cell  may  be  observed 
through  a  small  telescope  attached  to  the  apparatus.  It  is  viewed 
through  a  circular  opening  and  near  this  circle  is  a  second  one  through 
which  a  portion  of  a  semicircular  colored  glass  wedge  is  visible.  These 
two  circles  are  illuminated  simultaneously  by  means  of  the  flame  of  a 
candle.  The  colored  glass  may  be  rotated  by  means  of  a  milled  wheel 
and  the  point  of  agreement  of  the  color  of  the  adjoining  discs  may  be 
determined  in  the  same  way  as  in  Fleischl's  hfemometer.  The  scale 
reading  gives  the  percentage  of  the  normal  quantity  of  hiemoglobin  which 
the  blood  sample  under  examination  contains.  Compute  the  actual 
haemoglobin  content  in  the  same  manner  as  from  the  scale  reading  of  the 
Fleischl  ha;mometer  (see  page  221). 

4.  .Tallqmst'a  Hagmoglobin  fi'i?!*^- — This  consists  essentially  of 
a  series  of  ten  colors  corresponding  to  stains  produced  by  blood  con- 
taining varying  percentages  of  haemoglobin.  In  using  this  scale  a  drop 
of  blood  is  allowed  to  fall  on  a  small  section  of  filter  paper  and  the  resulting 
color  is  compared  with  the  ten  colors  of  the  scale.  When  the  color  in  the 
scale  is  found  which  corresponds  to  the  color  of  the  blood  stain  the  ac- 
companying htemoglobin  value  is  read  off  directly.  This  is  a  very  con- 
venient method  for  determining  hiemoglobin  at  the  bedside.  There 
Is  a  possibility  of  the  colors  being  inaccurately  printed,  however,  and 
even  if  originally  correct  in  tint,  under  the  continued  influence  of  air  and 
light  thev  must  eventually  alter  somewhat. 

Ftc.  71. — Thoma-Zeiss  Covstinc  CiiA\ri  .  ■         ■'..  < 

5.  Thoma-Zeiss  Hasmocytometer. — This  is  an  instrument  used 
in  "blood  counting,"  i.  c,  in  determining  the  number  of  erythrocytes 
and  leucocytes.  The  instrument  consists  of  a  microscopic  slide  con- 
structed of  hea\'y  glass  and  provided  with  a  central  counting  cell  (see 
Fig.  71.  below).  This  cell,  with  the  cover  glass  in  position,  is  exactly 
o.r  miUimeter  deep.     The  floor  of  the  cell  is  divided  by  delicate  lines  into 
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squares  each  of  which  is  1/400  of  a  square  millimeter  in  area  (see  Fig. 
73,  page  226).  The  volume  of  blood  therefore  between  any  particular 
square  and  the  cover  glass  above  must  be  1/4000  cubic  millimeter.  Ac- 
companying each  instrument  are  two  capillary  pipettes  (Fig.  73,  below), 
each  constructed  with  a  mixing  bulb  in  its  upper  por- 
tion. Each  bulb  is  further  provided  with  an  enclosed 
glass  bead  which  Is  of  great  assistance  in  mixing  the 
contents  of  the  chamber.  The  stem  of  each  pipette  is 
graduated  in  tenths  from  the  tip  to  the  bulb.  The 
final  graduation  at  the  upper  end  of  the  bulb  is  loi 
on  the  pipette  used  in  mixing  the  blood  sample  in 
which  the  erj-throcj-tes  are  counted  (erythrocytom- 
eter,  see  Fig.  72,  page  225),  and  11  on  the  pipette 
used  in  mixing  the  blood  sample  for  the  leucocyte 
count  (leucocytometer,  see  Fig.  72,  page  225).  In 
making  "blood  counts"  with  the  htcmocytometer  it  is 
necessary  to  use  some  diluting  fluid.  Two  very  satis- 
factory forms  of  fluid  tor  this  purpose  are  Toison's 
and  Sherrington's  solutions.'  When  either  of  these 
solutions  is  used  as  the  diluting  fluid  it  is  possible  to 
make  a  very  satisfactory  count  of  both  the  erythro- 
cytes and  leucocytes  from  the  same  preparation,  since 
the  leucocytes  are  stained  by  the  methyl-violet  or 
me  thy  len  e-blue . 

In  counting  the  erythrocytes  by  means  of  the  haemo- 
cytometer,  proceed  as  follows:  Thoroughly  cleanse  the 
Up  of  the  finger  or  lobe  of  the  ear  of  the  subject  by 
the  use  of  soap  and  water,  alcohol  and  ether  applied  Fic.  71,— Thima- 
in  the  sequence  just  given.  Puncture  the  skin  by  Zeiss  Cafillaby 
means  of  a  needle  or  scalpel  and  allow  the  blood  drop  A,  Erythrocywmetcr; 
to  form  without  pressure.  Place  the  tip  of  the  pipette  ^'  L^^'^o'^Vto™'^^^'". 
in  contact  with  the  blood  drop,  being  careful  to  avoid  touching  the 
skin,  and  draw  blood  into  the  pipette  up  to  the  point  marked  0.5  or  i 
according  to  the  desired  dilution.  Rapidly  wipe  the  tip  of  the  pipette  and 
immediately  fill  it  to  the  point  marked  loi  with  Toison's  or  Sherrington's 
solution.  Now  thoroughly  mix  the  blood  and  diluting  fluid  within  the 
mixing  chamber  by  tapping  the  pipette  gently  against  the  finger,  or  by 


'Toison's   solu 
formuia: 

Methyl-violet 

Sodium  chloride.. 
Sodium  sulphate. . 

Glyccnil 

Distilled  water. . 


\   has   the   fullowing 

o  o!S  gram. 

1  gram. 

S  grams. 

30  grams. 
i6o  grams. 


Sherrington's  solution  has  the  following 
formula: 

Methylene-blue. o.  i  gram. 

Sodium  chloride. i ,  i  gram. 

Neutrsl  potassium  oxalate. .      1 ,  z  gram- 
Distilled  water 300,0  giama. 


i:iS^Bu^e 


/ 


■■■,.:.--  -t-.-.-t::.;:  iz.  :rii;r  diac 
-.f.  i  li'r:.  A  iu.ds::n:tory 
:.-.■:    .  n-r  i.-.p;  zrjcewi  croin 

;  ..\.  r-.-^-T  Tike  rbe  next 
r^;--  i.- :  s.     r.    6e<  Fig.  77. 

T.^r  j7-i-.i:r  thtf  number  of 
r.r.*..  I:  ij  ■.■:n=iilered  essen- 
•-.-:•:.'■.  •'.'.•■iTX  \i  desired,  that 
I ■',  r,vi'>i.  and  the  individual 
1  iify.i.-..-.  bt-nire  the  data  are 
.-.hntild  ic'»=  than  300  squares 

If-s  per  cubic  miUimeter  of 
line  the  number  of  corpuscles 

riiunliriKcell  Newton's  rins*  may  be 
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in  any  given  number  of  squares  and  divide  this  total  by  the  number  of 
squares,  thus  obtaining  the  average  number  of  er>-throcytes  per  square. 
Multiply  this  average  by  4000  to  obtain  the  number  of  erythrocytes 
per  cubic  millimeter  of  diluted  blood,  and  multiply  this  product  by  roo 
or  200,  according  to  the  dilution,  to  obtain  the  number  of  erythrocytes 
per  cubic  millimeter  of  undiluted  blood.     Thus: 


rj-lhtorylc 


X  4000X100  (or 


^).'- 


Great  care  should  be  taken  to  see  that  the  capillary  pipette  is  prop- 
erly cleaned.     After  using,  it  should  be  immediately  rinsed  out  with  the 


— ZAPPERT'S  MODIFrED  Rv 


Thoua-Zbiss  Countihg  Chambkr.     (Da  Casta. 


diluting  fluid,  then  with  water,  alcohol,  and  ether  in  the  sequence  given. 
Finally  dry  air  should  be  drawn  through  the  capillary  and  a  horse  hair 
inserted  to  prevent  the  entrance  of  dust  particles. 

In  counting  leucocytes  by  means  of  the  hiemocytometer  proceed  as 
follows:  As  mentioned  above,  if  the  diluting  Huid  is  either  Toison's  or 
Sherrington's  solution  the  leucocytes  may  be  counted  in  the  same  specimen 
of  blood  in  which  the  erythrocytes  are  counted.  When  this  is  done  it 
is  customary  to  use  a  slide  provided  with  Zappert's  modified  ruling 
(Fig.  74,  above).  This  method  is  rather  moje  accurate  than  the  older 
one  of  counting  the  leucocy  les  in  a  separate  specimen  of  blood.  Further- 
more, it  is  obviously  preferable  to  count  both  the  erythrocytes  and  the 
leucocytes  from  the  same  blood  sample.  To  insure  accuracy  the  number 
of  leucocytes  within  the  whole  ruled  region  should  be  determined  in 
duplicate  blood  samples.  This  includes  the  examination  of  an  area 
eighteen  times  as  great  as  the  old    style  Thoma-Zeiss  central  ruling. 


This  region  then  would  correspond  to  3600  of  the  small  squares  and,  if 
duplicate  examinations  were  made,  the  total  number  of  small  squares 
examined  would  aggregate  7200.     The  calculation  would  be  as  follows: 

Number    of    leueocytw    in    7^'"v  300X^000  —  7200=  f^"'"''"  "f  Itucocyte*  jitr  cubic 

If  a  Zappert  slide  is  not  available,  a  good  plan  to  follow  is  to  place  a 
diaphragm  in  the  tube  of  the  ocular  of  the  microscope  consisting  of  a  circle 
of  black  cardboard  or  metal^  having  a  square  hole  in  the  center  of  such 
a  size  as  to  allow  of  the  examination  of  exactly  100  squares  or  one-fourth  of 
a  square  millimeter  at  one  time.  With  this  arrangement  any  portion  of 
the  specimen  may  be  examined  and  counted  whether  within  or  without  the 
ruled  area.  In  counting  by  means  of  this  device  it  is,  of  course,  helpful 
if  the  microscope  is  provided  with  a  mechanical  stage,  but  even  without 
this  arrangement,  if  the  observer  is  careful  to  see  that  the  leucocytes  at 
the  extreme  boundary  of  one  field  move  to  the  opposite  boundary  when  the 
position  of  the  slide  is  changed,  the  device  may  be  very  satisfactorily  cm- 
ployed.  The  leucocytes  should  be  counted  in  36  of  the  diaphragm- 
fields  in  dupUcale  specimens  and  the  calculation  made  in  the  same  manner 
as  explained  above.  .' 

If  the  leucocytes  are  counted  in  a  separate  specimen  of  blood  ordinarily 
the  diluting  fluid  is  0.3-0.5  per  cent  acetic  acid,  a  fluid  in  wliich  the  leuco- 
cytes alone  remain  visible.  Under  these  conditions  the  dilution  is 
customarily  made  in  the'pipette  having  1 1  as  the  final  graduation.  The 
capillary  prartion  is  of  larger  caliber  and  so  requires  a  greater  amount  of 
blood  to  fill  it  to  the  0.5  or  i  mark  than  is  required  in  the  use  of  the  other 
form  of  pipette.  In  counting  the  leucocytes  according  to  this  method  it 
is  customary  to  draw  blood  into  the  pipette  up  to  the  i  mark  and  immedi- 
ately fill  the  remaining  portion  of  the  apparatus  to  the  1 1  graduation  with 
the  0.3-0.5  per  cent  acetic  add.  It  then  remains  to  count  the  number  of 
leucocytes  in  the  whole  central  ruled  portion  of  400  squares.  This 
should  be  done  in  duplicate  samples  and  the  calculation  made  as  follows: 

Number    of    leutocytes    in    800  „  „       .  „         Number    of    ieutocyles    per    cubic 


6.  Biirker's  H«mocytometer.=— This  is  an  improved  apparatus*  for 

the  more  accurate  counting  of  erythrocytes  than  is  possible  by  the 
Thoma-Zeiss  apparatus.  The  principles  involved  are  somewhat  dif- 
ferent from  those  in  force  with  the  latter  apparatus.  For  example,  the 
blood  is  diluted  in  a  separate  vessel,  not  in  the  pipette  with  which  the 
sample  is  drawn,  and  furthermore  the  cover  glass  is  applied  to  the  counting 

'  Ehrlich's  mechanical  eye-piece  wiih  iris  diaphragm  is  also  very  saUsfaclory  for  tliis 
purpose. 

'  EQikci:  PJIilio-'i  Archiv.,  i4>,  337,  tgt  i;  Hunch,  mrd.  Woch.,  jg,  pp.  14  and  Sg,  igis. 
*  Manufactured  by  C.  Zeiss,  Jena. 
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chamber  and  damped  in  place  before  the  diluted  blood  is  applied  to  the 
ruled  area.     Hayem's  solution'  is  used  as  the  diluting  fluid.     Toison's 
solution  is  not  satisfactory  for  use  with  the  Btirker  counting  chamber  as 
ts  viscosity  is  too  great.     The  corpuscles  settle  rapidly  in  Hayem's  fluid 
3s  the  specific  gravity  of  the  fluid  is  1015  whereas  that  of  the  erythrocytes 

LS  1090. 

The  pipette  for  measuring  the  quantity  of  blood  (Fig.  75.  upper 
jipette)  has  a  point  which  is  not  ground  dull  but  is  polished.     This 
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Fig.  75.— BiiBKKR's  Pipeites,  Mlxinc  Flasks  and  C(Hjntin(:  Ciiahoer. 

allows  of  better  judgment  in  deciding  whether  the  column  of  blood  ex- 
tends to  the  very  tip.     The  volume  of  the  pipette  between  tip  and  mark 
is  25  cubic  millimeters.     The  mark  extends  all  the  way  around  the  tube 
so  that  errors  of  parallax  may  be  avoided. 

The  pipette  for  measuring  the  diluting  fluid  (Fig.  75,  middle  pipette' 
also  has  a  polished  point  and  circular  mark  and  delivers  497s  cubic 
millimeters.     This  volume  of  diluting  fluid  with  25  cubic  millimeters  ol 
Dlood  gives  a  dilution  of  i :  200.     Both  pipettes  are  provided  with  a  piece 
of  rubber  tubing  and  mouth-piece. 

'  Hflycm's  solution  has  the  following  formula: 

Mercuric  chloride..                   0.35  Kram. 

Sodium  chloride     .            oj    grnm. 

Sodium  sulphate  ..               ....              .        ,    ,               3.S    grams. 

Distilled  water.                       ...              loo.o    BTinia. 
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For  transferring  the  diluted  blood  from  the  diluting  flask  to  the 
chamber  a  plain  pipette  provided  with  a  rubber  cap  is  used  (Fig.  75, 
lower  pipette).  It  is  filled  by  pressing  the  cap  slowly  with  the  index 
finger,  inserting  the  tip  into  the  liquid  and  then  releasing  the  pressure. 

The  diluting  is  done  in  a  small  round-bottomed  flask  as  shown  in 
Fig.  75.  Several  of  these  flasks  should  be  kept  on  hand  in  a  wooden 
rack  which  will  hold  them  in  an  upright  position.  Each  flask  is  provided 
with  a  paraffined,  or  smooth  cork  stopper. 

In  the  older  counting  chambers  the  floor  of  the  chamber  is  circular  and 
the  counting  is  done  in  the  center  of  this  space.  The  corpuscles  are 
therefore  counted  in  the  center  of  a  capillary,  circular  film  where  on 
account  of  surface  tension  their  number  is  slightly  greater  than  elsewhere. 
This  source  of  error  is  avoided  in  the  new  counting  chamber  (Fig.  78)  in 
which  the  floor  is  represented  by  the  upper  surface  of  a  piece  of  glass  25 
mm.  long  and  5  mm,  wide  which  is  rounded  off  at  both  ends  and  divided 
into  two  portions  by  a  groove  1.5  mm.  wide  through  the  center.  At  each 
side  of  this  floor  piece,  separated  from  it  by  a  groove  is  a  glass  plate 
{7.5  mm.Xai  mm.)  of  such  height  that  the  space  between  the  floor  of 
the  cell  and  a  cover  glass  placed  across  the  plates  is  o.ioo  mm.  A  cover 
glass  33  mm.  long  and  21  mm.  wide  with  rounded  polished  edges  is 
used  so  that  the  rounded  ends  of  the  floor  piece  project  beyond  it.  The 
chamber  is  provided  with  damps  to  press  the  cover  glass  firmly  upon 
both  plates  (Fig.  75). 

The  ruUng  on  each  portion  of  the  floor  piece  is  that  shown  in  Fig,  76, 
which  will  be  explained  below. 

Measuring  l/ie  Diluting  Fluid. — Four  thousand  nine  hundred  ami 
seventy-five  cubic  millimeters  of  diluting  fluid  (Hayem's)  are  measiired 
out  into  the  diluting  flask.  To  do  this  the  pipette  Is  filled  by  suction  to 
slightly  above  the  mark  and  the  rubber  tube  is  carefully  clamped  off. 
Then  with  a  soft  piece  of  linen  the  tip  is  wiped  dry.  The  meniscus  is 
then  accurately  adjusted  to  the  mark  by  hghtly  touching  the  point  of  the 
pipette  to  the  cleaned  Up  of  the  finger.  The  pipette  is  then  inserted  into 
the  diluting  flask  and  with  the  tip  nearly  touching  the  bottom  of  the  flask 
the  fluid  is  allowed  to  run  out.  The  time  of  the  flow  should  be  about 
forty  seconds  and  is  controlled  by  placing  the  tip  of  the  index  finger 
loosely  upon  the  mouth  piece.  The  pipette  is  emptied  completely  by 
alternately  blowing  through  it  and  touching  it  to  the  wall  of  the  flask 
slightly  above  the  level  of  the  liquid.  The  drops  clinging  to  the  wall  are 
united  with  the  bulk  of  the  liqtu'd  by  a  suitable  motion  of  the  flask.  The 
flask  is  then  stoppered,  care  being  taken  from  now  on  that  none  of  the 
hquid  ever  touches  the  neck  of  the  flask  or  the  stopper. 

Taking  Ike  Blood  Sample. — Usually  the  best  time  to  draw  the  blood  is 


before  breakfast.  For  a  single  determination  the  author  prefers  to  draw 
it  from  the  Up  of  the  fourth  finger  of  the  left  hand.  For  repeated  deter- 
minations it  is  well  to  change  oflf  between  third,  fourth  and  fifth  fingers  of 
left  hand.  The  temperature  of  the  room  should  not  be  below  17°  C. 
to  prevent  an  undue  contraction  of  the  cutaneous  vessels.  The  instru- 
ment used  to  puncture  the  finger  should  have  a  chisel-shaped  point  which 
is  preferable  to  the  ordinary  lancet-shaped  point.  The  first  drop  of  blood 
is  wiped  oiT.  Into  the  second  one  the  tip  of  the  pipette  is  inserted  and 
blood  is  drawn  in  until  the  meniscus  is  even  with  or  a  little  beyond  the 
mark.  The  tip  is  then  wiped  off  without  touching  the  capillary  opening 
and  the  observer  assures  himself  that  the  column  of  blood  extends  to  the 
very  end  of  the  capillary.  The  meniscus  is  then  accurately  adjusted  to 
the  mark. 

Mixing  of  the  Blood  and  Diluting  Fluids. — The  tip  of  the  pipette  is  now 
dipped  into  the  diluting  fluid  which  has  been  measured  into  the  flask  and 
the  blood  is  slowly  blown  out.  The  blood  having  a  much  higher  specific 
gravity  than  the  Haycm's  ftuid  sinks  to  the  bottom.  The  pipette  is  then 
filled  with  the  pure  supernatant  diluting  fluid  and  emptied  again,  care 
being  taken  to  avoid  air  bubbles.  This  is  repealed  until  the  blood  is 
removed  as  completely  as  possible.  To  mix  the  blood  and  diluting  fluid 
the  flask  is  rotated  for  two  minutes  in  spiral  curves  of  continually  decreas- 
ing radius.  The  motion  should  be  alternately  clockwise  and  counter- 
clockwise. After  complete  mixing  the  pipette  is  rinsed  out  several  times 
with  the  diluted  blood. 

Transjerral  of  the  Diluted  Blood  to  tlie  Chamber. — The  counting  cham- 
ber which  has  been  cleaned  with  distilled  water  and  alcohol-ether  and 
then  wiped  dry  with  a  soft  cloth  as  free  from  lint  as  possible  is  placed  upon 
a  black  surface  and  carefully  brushed  with  a  camel's  hair  brush.  The 
cover  glass  is  now  placed  over  the  chamber  by  sliding  it  over  the  two 
glass  plates  with  both  thumbs  while  the  index  fingers  are  pressing  it 
down.  By  means  of  the  clamps  it  is  held  in  place  firmly  so  that  Newton's 
rings  (if  possible  of  the  first  order;  brown  and  black)  may  be  seen  over 
the  entire  area  of  the  plates.  The  chamber  is  placed  upon  the  stage  of  the 
microscope  and  is  brought  into  a  horizontal  position. 

Before  transferring  the  diluted  blood  to  the  chamber  the  flask  must  be 
shaken  for  two  minutes  as  described  before.  The  liquid  shows  a  cloudy 
appearance  and  must  be  allowed  to  stand  until  the  turbidity  has  become 
unifonn. 

One  of  the  plain  pipettes  described  above  is  now  inserted  into  the 
diluted  blood  while  slight  pressure  is  being  exerted  on  the  rubber  cap. 
The  pressure  is  released  slowly  and  the  liquid  rises  into  the  pipette.  The 
point  of  the  pipette  is  now  immetliately  placed  upon  one  of  the  projecting 
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ends  of  the  floor  plate  and  very  slight  pressure  is  exerted  on  the  rubber 
cap  until  the  liquid  coming  from  the  pipette  just  reaches  the  cover  glass 
when  the  pressure  is  released.    An  instantaneous  filling  of  the  capillary 
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Fic.  76, — Ruling  ot  BOhkeb  Counting  Chamber. 
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Fig.  77. — Schema. 


space  results.  The  pipette  should  be  emptied  immediately,  rinsed  with 
distilled  water  and  placed  in  an  upright  position  in  a  beaker  of  water. 
The  other  portion  of  the  counting  chamber  is  now  filled  in  the  same  way 
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with  a  second  pipette  and  about  one  minute  is  allowed  for  the  settling  of 
the  corpuscles.  Dtuing  this  time  the  pipettes  may  be  washed  with  dis- 
tilled water  and  ether-alcohol  and  dried  by  suction.  Occasionally,  the 
pipettes  should  be  cleaned  with  a  horse  hair  and  with  concentrated  HtSOi 
containing  a  little  KiCrjOi- 

To  see  whether  the  distribution  of  the  corpuscles  has  been  uniform 
the  chamber  is  illuminated  with  a  wide-open  diaphragm  and  viewed  at  an 
angle.  If  the  opacity  is  not  uniform  in  either  of  the  portions  of  the 
chamber,  that  one  should  not  be  used  for  counting.  If  the  countingmust 
be  interrupted  or  requires  a  long  time  a  moist  chamber'  should  be  used  to 
prevent  evaporation  of  the  diluting  fluid.  The  diluted  blood  may  be 
retained  in  the  mixing  flasks  and  duplicate  countings  obtained  after  the 
lapse  of  twenty-four  hours  or  more  according  to  Biirker. 
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Fig.  78. — BUrker  Counting  Crahbkr. 

Counting  and  Calculation.-— A.  mechanical  stage  movable  in  two  direc- 
tions is  indispensable.  With  a  magnification  of  320  diameters  the 
counting  is  begun  in  the  left  upper  corner  of  the  ruling.  Proceed  from 
left  to  right  along  one  row  then  move  from  right  to  left  along  the  next 
lower  row,  and  so  on.  Only  the  small  squares  are  used  for  counting  (see 
Fig-  76),  and  the  figures  are  recorded  in  the  schema^  (see  Fig.  77)  in  which 
the  squares  crossed  by  horizontal  or  vertical  lines  correspond  to  the  small 
squares  used  for  counting.  Usually  80  squares  are  coxinted  and  by 
recording  the  figures  in  the  schema  the  count  may  be  verified  and  an  idea 
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of  the  uniformity  of  the  distribution  may  be  fonned.  Half  of  the  counted 
squares  should  be  in  the  one,  half  in  the  other  portion  of  the  counting 
chamber.  For  more  accurate  measurements  more  squares  may  be 
counted. 

The  observer  will  do  well  not  to  attempt  counting  each  individual 
corpuscle  in  a  square.  After  some  practice  each  typical  group  of  cor- 
puscles will  immediately  suggest  a  number.  A  very  common  form  of 
grouping  is  one  corpuscle  surrounded  by  four  others.  This  should 
immediately  suggest  the  number  five.  In  this  way  the  counting  will 
become  more  rapid  and  also  more  reliable. 

The  calculation  is  very  ^mple.  The  number  of  corpuscles  in  80 
squares  divided  by  100  will  give  the  number  of  millions  per  cubic  milli- 
meter. If,  for  example,  536  corpuscles  have  been  counted  in  80  squares 
then  with  a  dilution  of  1 :  200  the  nimiber  of  corpuscles  per  cubic  milli- 
meter is  5,360,000.  Thus,  X4,oooX2oo=5,36o,ooo  erythrocytes  per 
cubic  millimeter.     More  than  two  decimal  places  are  without  significance. 
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CHAPTER  XIII. 
MILK. 

Milk  is  the  most  satisfactory  individual  food  material  elaborated  by 
nature.  It  contains  the  three  nutrients,  protein,  fat,  and  carbohydrate 
and  inoTganic  salts  in  such  proportion  as  to  render  it  a  very  acceptable 
dietary  constituent.  It  is  a  specific  product  of  the  secretory  activity  of  the 
mammary  gland.  It  contains,  as  the  principal  solids,  olein,  palmilin, 
stearin,  butyrin,  caseinogen,  lact-albumin,  lacto-globulin,  lactose,  and  calcium 
phosphate.  It  also  contains  at  least  traces  of  lecithin,  cholesterol,  urea, 
creatine,  creatinine,  and  the  tri-glycerides  of  caproic,  Jauric,  and  myristic 
acids.  Citric  acid  is  also  said  to  be  present  in  milk  in  minute  quantity. 
Considered  from  the  standpoint  of  colloid  chemistry  we  may  classify  the 
main  constituents  of  milk  as  follows:' 

In  suspension  Fat  (olein,  palmilin,  etc.). 

Caseinogen — an     unstable    or    irreversible 

colloid. 

Lact-albumin — a  stable  or  reversible  colloid. 

Salts  (calcium  phosphate,  etc.). 

Sugar  (lactose). 


In  colloidal  solution 


In  crystalloid  solution 


Fresh  milk  is  amphoteric  in  reaction  to  litmus,"  but  upon  standing  for 
a  sufficiently  long  time,  unsterilized,  it  becomes  acid  in  reaction,  due  to  the 
production  of  fermentation  lactic  acid, 
H     OH 
I       I 
H— C— C— COOK, 
I      I 
H    H 

from  the  lactose  contained  in  it.    This  is  brought  about  through  bacterial 

activity.    The  white  color  is  imparted  to  the  milk  partly  through  the 

fine  emulsion  of  the  fat  and  partly  through  the  medium  of  the  caseinogen 

in  solution.    The  specific  gravity  of  milk  varies  somewhat,  the  average 

being  about  1.030.     Its  freezing-point  is  about  — 0.56°  C. 

Fresh  milk  does  not  coagulate  on  being  boiled  but  a  film  consisting 

of  a  combination  of  caseinogen  forms  on  the  surface.     If  the  film  be 

'  Alexander  anil  Hullow 
'  Human  milk  as  well  a: 
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removed,  thus  allowing  a  fresh  surface  to  come  in  contact  with  the 
air,  a  new  film  will  form  indefinitely  upon  the  application  of  heat. 
Surface  evaporation  and  the  presence  of  fat  facilitate  the  formation 
of  the  film,  but  are  not  essential  (Rettger').  As  Jamison  and  Hertz* 
have  shown,  a  similar  film  will  form  on  heating  any  protein  solution  con- 
taining fat  or  parafiin.  If  the  milk  is  acid  in  reaction,  through  the  inception 
of  lactic  acid  fermentation,  or  from  any  other  cause,  no  film  will  form  when 
heat  is  applied,  but  instead  a  true  coagulation  will  occur.  When  milk  is 
boiled  certain  changes  occur  in  its  odor  and  taste.  These  changes, 
according  to  Rettger,*  are  due  to  a  partial  decomposition  of  the  milk 
proteins  and  are  accompanied  by  the  liberation  of  a  volatile  sulphide, 
probably  hydrogen  sulphide. 


The  milk-curdling  enzymes  of  the  gastric  and  the  pancreatic  juice 
have  tlie  power  of  splitting  the  caseinogen  of  the  milk,  through  a  process  of 
hydrolysis,  into  soluble  casein  and  a  peptone-like  body.  This  soluble 
casein  then  forms  a  combination  with  the  calcium  of  the  milk  and  an 
insoluble  curd  of  calcium  casein  or  casein  results.  The  dear  fluid  sur- 
rounding the  curd  is  known  as  whey. 

There  is  still  considerable  confusion  of  terms  when  different  authorities 
discuss  milk  proteins  and  the  action  of  milk  curdling  enzjines  upon  them. 
The  English-speaking  scientists  quite  uniformly  accept  the  classification 
of  Halliburton*  as  given  above.  On  the  other  hand,  the  Germans  in 
particular  give  the  name  casein  to  the  milk  protein  and  paracasein  to  the 

'  Rcttfier:  American  Journal  of  Phyiiology,  7,  315,  1902. 

*  Jamison  and  HerU;  Journal  of  Physiology,  ij.  j6,  igoj. 

*  Reltger:  American  Journal  of  Phyiiolasy,  6,  450,  igoa. 

*  HiXtihaTloa:  Joamal  af  Pkyiiology,  11,448,  19°°- 


product  of  the  action  of  rennin  upon  this  protein.    The  confusion  of 
terms  may  be  represented  thus: 

English  German. 

Caseinogen.  =                          Casein. 

Casein.  =                          Paracasein. 

The  most  pronounced  difference  between  human  milk  and  cow's  milk 
is  in  the  protein  content,  although  there  are  also  differences  in  the  fats  and 
likewise  striking  biological  differences  difficult  to  dehne  chemically.  It 
has  been  shown  that  the  caseinogen  of  human  milk  differs  from  the 
caseinogen  of  cow's  milk  in  being  more  difEcult  to  precipitate  by  acid  or 
coagulate  by  gastric  rennin.  The  casein  curd  also  forms  in  a  much  looser 
and  more  flocculent  manner  than  that  from  cow's  milk  and  is  for  this 
reason  much  more  easily  digested  than  the  latter.  Interesting  data 
relative  to  the  composition  of  milk  from  various  sources  may  be  gathered 
from  the  following  table  which  was  compiled  mainly  from  the  results  of 
investigations  by  Proscher'  and  by  Abderhalden*  in  Bunge's  laboratory. 
It  will  be  noted  that  the  composition  of  the  milk  varies  directly  with  the 
length  of  time  needed  for  the  young  of  the  particular  species  to  double 
in  weight. 


I  Period  in  vhich 
Weight  of  the 
I      New-born  is 


0  Parts  of  Milk  ConUin 
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g?.v;;: 

'5 

Srt. 

9-S           ' 

Proteins. 

Salts. 

Caldum. 

Add. 

1,6 

0.1 

0.033 

0.047 

4 

0.124 

131 

3-S 

7 

0.160 

3-7    ■ 

tt 

0.197 

rf4 

4-9 

o.lAS 

*93 

s.» 

S 

0.S49 

308 

' 

.1 

7-4 

0-4SS 

0 

■;o8 

■°- 

'■5 

0.891 

0.997 

The  secretion  of  the  manamary  glands  of  the  newborn  of  both  sexes 
is  called  "witches'  milk."  The  name  is  centuries  old  and  evidently 
refers  to  the  mystery  of  the  useless  secretion.  Basch*  has  recently  sug- 
gested that  this  secretion  of  "witches'  milk"  is  brought  about  by  the 
passage  of  hormones  (see  chapter  on  Pancreatic  Digestion)  from  the  blood 
of  the  mother  to  the  fetus. 

Lactose,  the  principal  carbohydrate  constituent  of  milk,  is  an  impor- 


'  PrOscher:  Zeit.}.  physial.  Chemit,  24, 185,  1898. 

■  Abdeihalden:  Ibid..,  16,  487,  1S99;  and  17,  pp.  40S  and  457, 

*  BMcfa:  iHbitk.  mtd.  Wock.,  $&,  3i66,  iqii. 
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tant  member  of  the  disaccharide  group.  It  occurs  only  in  milk,  except  as 
it  is  found  in  the  urine  of  women  during  pregnancy,  during  the  nursing 
period,  and  soon  after  weaning;  it  also  occurs  in  the  urine  of  normal  per- 
sons after  the  ingestion  of  a  very  large  amount  of  lactose  in  the  food. 
It  is  not  derived  directly  from  the  blood,  but  is  a  specific  product  of  the 
cellular  activity  of  the  mammary  gland.  It  has  strong  reducing  power, 
is  dextro-rotatory,  and  forms  an  osazone  with  phenylhydrazine.  The 
souring  of  milk  is  due  to  the  formation  of  lactic  acid  from  lactose  through 
the  agency  of  thebacterium  lactis.  Putrefactive  bacteria  in  the  alimentary 
canal  may  bring  about  this  same  reaction.  Lactose  is  not  fermentable 
by  pure  yeast.  It  was  recently  claimed  that  lactosin,  a  new  carbohy- 
drate, had  been  isolated  from  milk. 


Fic.  So. — Lactosk. 


Caseinogen,  the  principal  protein  constituent  of  milk,  belongs  to  the 
group  of  phosphoproteins.  It  has  acidic  properties  and  combines  with 
bases  to  produce  salts.  It  is  not  coagulable  upon  boiling  and  is  precipi- 
tated from  its  neutral  solution  by  certain  metalUc  salts  as  well  as  upon 
saturation  with  sodium  chloride  or  magnesium  sulphate.  Its  acid  solu- 
tion is  precipitated  by  an  excess  of  mineral  acid. 

Lactalbumin  and  lacto-globulin,  the  protein  constituents  of  milk. 
next  in  importance  to  ca,seinogen,  closely  resemble  serum  albumin  and 
serum  globulin  in  their  general  properties.  According  to  Wroblewski, 
a  protein  called  opalisin  is  also  present  in  milk. 

Butter  (milk  fat)  consists  in  large  part  of  o/etnand  palmitin.  Stearin, 
butyrin,  caproin  and  traces  of  other  fats  are  also  present.  When  butter 
becomes  rancid  through  the  cleavage  of  certain  of  its  constituent  fats  by 
bacteria  the  odors  of  caproic  and  butyric  acids  are  in  evidence. 

Colostrum  is  the  name  given  to  the  product  of  the  mammary  gland 


DigitizGd  by  Cj OOQ IC 


239 

secreted  for  a  short  time  before  parturition  and  during  the  early  period 
of  lactation  (see  Fig.  79,  p.  236).  It  is  yeUowish  in  color,  contains  more 
solid  matter  than  ordinary  milk,  and  has  a  higher  specilic  gravity  (1.040- 
1.080).  The  most  striking  difference  between  colostrum  and  ordinary 
milk  is  the  high  percentage  of  lactalbumin  and  lacto-glohulin  in  the 
former.  This  abnormahty  in  the  protein  content  is  responsible  for  the 
coagulation  of  colostrum  upon  boiling. 

Such  enzymes  as  lipase,  amylase,  galactase,  catalase,  oxidases,  peroxi- 
dases, and  reductases  have  been  identified  in  milk,  but  not  all  of  them 
in  milk  of  the  same  species  of  animal. 

Among  the  principal  preser\'atives  used  in  connection  with  milk  are 
formaldehyde,  hydrogen  peroxide,  boric  acid,  borates,  salicylic  acid, 
and  salicylates. 

EXPERBIENTS  ON  MiLK. 

'-I.  Reaction. — Test    the    reaction    of    fresh    cow's    milk    to  litmus, 
phenolphlhalein  and  congo  red.     ^JL^jLtt^   &J-^, 

2.  Bhiret  Test. — Make  the  biuret  test  according  to  directions  given 
on  page  t)8.  ''*'^*"fi.  "t**^  'ti»-J'. 

3.  Microscopical  Examination. — Examine  fresh  whole  mWk. skimmed 
or  cenlrifugated  milk,  and  coloslmm  under  the  microscope.  Compare 
the  microscopical  appearance  with  Fig.  79,  page  236. 

4.  Specific  Gravity.^Determine  the  specific  gravity  of  both  whole 
anj"skimmed  milk  (see  p.  278).  Which  possesses  thi?  higher  specific 
gravity?     Explain  why  this  is  so.      \,  v-^  1  gw^t-j;-^        ^j      I*  "^  **  •  trvuj 

5.  Film  Formation^ — Place  to  c.c.  ol  mulfin  a  smaU  beaker  and 
boil  a  tew  minutes.  Note  the  formation  of  a  film.  Remove  the  film  and 
heat  again.  Does  the  film  now  formfl^Of  what  substance  is  this  film 
composed?  The  biuret  test  was  positive,  why  do  we  not  get  a  coagu- 
lation here  when  we  heat  to  boiling? 

6.  Coagulation  Test.' — Place  about  5  c.c.  of  milk  in  a  test-tube, 
acidify  slightly  with  dilute  acetic  acid  and  heat  to  boiling.     Do  you  get  1 
any  coaigjlation  ?  jf^'hy  ?                                                                                               j 

7.  Action  of  Hot  Alkali.— To  a  little  milk  in  a  test-tube  add  a  few 
drSps  of  potassium  hydroxitlc  and  heat-  A  yellow  color  develops  and 
gradually  deepens  ipto  a  brojtD.     To  what  is  the  formation  of  this  color 

8.  Test  for  Chlorides.^To  about  5  c.c.  of  milk  in  a  test-tube  add 
3.  fe^  drops  of  very  dihile  nitric  acid  to  form  a  precipitate.  Filter  off  this 
precipitate  and  test  the  filtrate  for  chlorides.  Does  milk  contain  any 
chlorides?  W.  A*'*'^ 
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0.  Giuiac  Test — To  about  5  c.c.  of  water  in  a  test-tube  add  3  drops 
of  milk  and  enough  alcoholic  solution  of  guaiac  (strength  about  i  :6o)^ 
to  cause  a  turbidity.  Thoroughly  mix  the  fluids  by  shaking  and  observe 
any  change  which  may  gradually  take  place  in  the  color  of  the  mixture. 
If  no  blue  color  appears  in  a  short  time,  heat  the  tube  gently  below  60°  C. 
and  observe  whether  the  color  reaction  is  hastened.  In  case  a  blue 
color  does  not  appear  in  the  course  of  a  few  minutes,  add  hydrogen  perox- 
ide or  old  turpentine,  drop  by  drop,  until  the  color  is  observed.  Fresh 
milk  will  frequently  give  this  blue  color  when  treated  with  an  alcoholic 
solution  of  guaiac  without  the  addition  of  hydrogen  peroxide  or  old  tur- 
pentine.   See  discussion  on  page  204. 

10.  Tests  to  Di£Ferentiate  Between  Raw  Milk  and  Heated  MUk.— 
(fl)  Kaslle's  Peroxidase  Reaction. — The  peroxidase  reaction  of  milk  is 
founded  upon  the  fact  that  small  amounts  of  raw  milk  will  induce  the 
oxidation  of  various  leuco  compounds  by  hydrogen  peroxide.  This 
reaction  has  been  used  in  a  practical  way  as  the  most  convenient  means 
of  differentiating  between  raw  milk  and  heated  milk.  Many  substances 
have  been  employed  for  this  purpose,  e.  g.,  guaiac,  paraphenylenediamine, 
ortol,  amidol,  etc.  Kastle  has  found  that  a  dilute  solution  of  "  trikresol "' 
acts  as  a  sensitizing  agent  in  the  peroxidase  reaction  and  offers  the  follow- 
ing test  which  is  based  upon  this  fact:  To  2-5  c.c.  of  raw  milk  in  a  test- 
tube  add  0,1-0.3  cc.  of  M/io  hydrogen  peroxide  and  1  c.c.  of  a  i  per  cent 
solution  of  "trikresol,"  A  slight  though  unmistakable  yellow  color  will 
be  observed  to  develop  throughout  the  solution. 

Repeat  the  test  using  milk  which  has  been  boiled  or  heated  to  80°  C. 
for  10-20  minutes,  and  coole(J,  and  note  that  no  yellow  color  is  produced. 

The  color  reaction  in  the  case  of  the  raw  milk  probably  results  from 
the  oxidation  of  the  cjesols  by  the  hydrogen  peroxide.  The  first  product 
of  this  oxidation'  then  oxidizes  the  leuco  compoGhd,  when  such  is  present, 
and  causes  the  color  observed. 

(6)  Wilkinson  and  Peters'  Test.* — To  10  c.c.  of  the  milk  to  be  tested 
adJT  c.c.  of  a  4  per  cent  alcoholic  solution  of  benzidine,  sufficient  acetic 
acid  to  coagulate  the  milk  (usually  2-3  drops)  and  finally  2  c.c.  of  a  3  per 
cent  solution  of  hydrogen  peroxide.  Raw  milk  yields  an  immediate  blue 
color.  In  adding  the  peroxide  it  is  best  to  permit  it  to  flow  slowly  down 
the  wall  of  the  vessel  containing  the  mixture  instead  of  allowing  it  to  mix 
with  the  milk.  Milk  which  has  been  heated  to  78°  C.  or  above  remains 
unchanged. 

'  Buckmaster  advises  the  use  of  an  alcoholic  solution  of  guaiaconic  acid  instead  of  an 
alcoholic  solution  of  guaiac  resin.     Guaiaconic  add  is  a  constituent  of  guaiac  re^n. 

*  "Trikresol"  is  t^e  trade  name  of  on  antiseptic  which  contains  the  three  cresoU  in  ap- 
proidmately  equal  proportions. 

*  Probably  some  o^anic  peroxide  or  quinoid  compound. 

*  Wilkinson  and  Peters:  Z.  Nokr-Cenussm.,  16,  No.  3,  p.  171. 
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'1^.  Saturation  with  Magnesium  Sulphate. — Place  about  5  c.c. 
of  milk  in  a  test-tube  and  saturate  with  solid  magnesium  sulphate. 
What  is  this  precipitate? 

12.  Influence  of  Gastric  Rennin  on  Milk. — Prepare  a  series  of  five  J 

tubes  as  follows:  I 

(a)  s  c.c.  of  fresh  milk  +0.2  per  cent  HCI  (add  drop  by  drop  until  a  I 
precipitate  forms).  I 

(b)  5  c.c.  of  fresh  milk+5  drops  of  rennin  solution. 

(c)  5  c.c,  of  fresh  milk+:o  drops  of  0.5  per  cent  NasCOj. 
{d)  5  c.c,  of  fresh  milk+io  drops  of  ammonium  oxalate. 
{e)   5  c.c.  of  fresh  milk+5  drops  of  0.3   per  cent  HCI. 

Now  to  each  of  the  tubes  (c),  {d)  and  (e)  add  5  drops  of /■£«»!«  solution. 
Place  the  whole  series  of  five  tubes  at  40"  C.  and  after  10-15  niinutes  note 
what  is  occurring  in  the  different  tubes.  Give  a  reason  for  each  particular 
result. 

1^.  Preparation  of  Caseinogen.— Fill  a  large  beaker  one-third 
full  of  skimmed  (or  centrifugated)  milk  and  dilute  it  with  an  equal  volume 
of  water.     Add  dilute  hydrochloric  acid  until  a  flocculent  precipitate  ' 

forms.     Stir  after  each  acidification  and  do  not  add  an  excess  of  the  acid 
as  the  precipitate  would  dissolve.     Allow  the  precipitate  to  settle,  decant 
the  supernatant  fluid,  and  reserve  it  for  use  ui  later  (14-16)  experiments. 
Filter  off  the  precipitate  of  caseinogen  and  remove  the  excess  of  moisture 
by  pressing  it  between  filter  papers.     Transfer  the  caseinogen  to  a  small 
beaker,  add  enough  95  per  cent  alcohol  to  cover  it  and  stir  for  a  few 
moments.     Filter,  and  press  the  precipitate  between  filter  papers  to  re- 
move the  alcohol.     Transfer  the  caseinogen  again  to  a  small  dry  beaker, 
cover  the  precipitate  with  ether  and  heat  on  a  water-bath  for  ten  minutes, 
stirring  continuously.     Filter  (reserve  the  filtrate),  and  press  the  precipi- 
tate as  dry  as  possible  between  filter  papers.     Open  the  papers  and  1 
allow  the  ether  to  evaporate  spontaneously.     Grind  the  precipitate  to  a                 I 
powder  in  a  mortar.    Upon  the  caseinogen  prepared  in  this  way  make  the                I 
following  tests:                                                                                                         \ 

(o}^  Solubility. — Try  the  solubility  in  the  ordinary  solvents.     /V**  , 

(6)  MiUon's  Reaction, — Make  the  test  according  to  the  directions  U^.-Jh 
given" on  page  97. 

(c)  Biuret  Test,— Make  the  test  according  to  directions  given  on     '4>0^ 
page  98. 

(d)  Hopkins-Cole  Reaction, — Make  the  test  according  to  the  directions 
given  on  page  98. 

^  Loosely  Combined  Sulphur. — Test  for  loosely  combined  sulphur 
according  to  the  directions  given  on  page  108. 


■glc 
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ft  VA-- j',r.,  Lh<T  oE  tbi-  ^-*cts  ; 

9^afS'    9t .^    *"'■*  ',Tvt.*Aii:  iT*^  f/^r.part  ti«=  »iiii  iliose  in 

4  iWM'/jv* rr-r: iT^itiiis nitnc aoc.  Test 
(A/t  '^  V-^  ^U:  vr..i':^x.  Ux  ;yr;//*pfcatt>.  Re2<itr  the  wmainder  rt  the 
vAfi'i-'/ii  u'si^if;/  *.*i;;.-.,*  w>..',  air-ni'^iia.  -htr.  aciciiy  wiih  acetic  acid 
Md  */V!  »,'/,w.'yf.;  ,.v.  '/ixjt'A  KxiB-irje  the  cr.'=tal=  under  the  microscope 
Mtff  i/niit/nT'-.  ftjTf.  yti'}.  •.;-•/«*  i,'j  Fi?,  104,  p.  565. 

jC.DeUttkm  o<  LactMc  <;'>ric«ntratt  the  nitrate  irom  the  cal- 
dum  i/fi'/tj/^^v  g/,<i]  J*  )>,  />/  a  iiyriii*-]ike  consistency .  Allow  it  to  sUnd 
»/vw  fiiy^it  aM  '/'f/rT-.':  *.',*;  f',rnf,ari'/n  'tf  cn'tal^  of  lactose.  Make  the 
hAUfwUiJC  irxinrtUsun,*'. 

(^  Murou'/ffuM  hxamituttum.  Kxamine  the  crystals  and  com- 
(lare  Miwi  with  (b/-y:  if,  fj^f  ;•/>,  [^(.,:  2y(. 

^;  I'fMinr^:  '1^:1      'try  ht-hVinn'h  test  u[X)n  the  mother  liquor. 

<ri  t'htm-jihylrnzinr'li-Al  \\t]Ay  tht;  phenlhydrazine  test  to'some 
»/(  tUT rriotlwT  li'jijof  a'<'«r(lii(;;  to  the  dirwaions  given  on  page  28- 

17.  Millt  Pit  '/(/  \v.H\^,r.i\i:  lh<;  ether  filtrate  from  the  caseinogen 
<Kx\Mrt\uu-t\i  I V  Ji»)'l  «;i,v:fvc  th(r  fatly  residue.  The  milk  fat  was 
(arriwl  down  with  On  j.r'-.i(,ii;,i,-  /,f  (.aseinogen  and  was  removed  when 
ihe  laMcr  wai  lr.-at.-<l  with  .ih-r.     If  ix-ntrifugated  milk  was  used  in  the 
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preparation  of  tie  caseinogen  the  amount  of  fat  in  the  ether  Eltrate  may 
be  very  small.  To  secure  a  larger  yield  of  fat  proceed  according  to  direc- 
tions given  under  (b)  below. 

(6)  To  25  C.C.  of  whole  milk  in  an  evaporating  dish  add  a  little  sand 
or  filter  paper  and  evaporate  the  flxiid  to  dryness  on  a  water-bath.  Grind 
or  break  up  the  residue  after  cooUng  and  extract  with  ether  in  a  flask. 
Filter  and  remove  the  ether  from  the  filtrate  by  evaporation.  How  can 
you  identify  fats  in  the  ethereal  residue? 

i&.  Saponification  of  Butter.— Dissolve  a  small  amount  of  butter  in 
alcohol  made  strongly  alkaline  with  potassium  hydroxide.  Place  the 
alcoholic-potash  solution  in  a  casserole,  add  about  100  c.c.  of  water  and 
boil  for  10-15  niinutes  or  until  the  odor  of  alcohol  cannot  be  detected. 
Place  the  casserole  in  a  hood  and  neutralize  the  solution  with  sulphuric 
acid.  Note  the  odor  of  volatile  fatty  adds,  particularly  butyric  add. 
Under  certain  conditions  the  odor  of  ethyl  butyrate  may  also  be  detected. 

iQ.  Detection  of  PresCTvatives. — (a)  Formaldehyde. 

I.  Gallic  Add  Test. — Acidify  30  c.c.  of  milk  with  2  c.c.  of  normal 
sulphuric  add  and  distil.  Add  0.2-0.3  ^■'^-  °^  ^  saturated  alcoholic  solu- 
tion of  gallic  acid  to  the  first  $  c.c.  of  the  distillate,  then  incline  the  test- 
tube  and  slowly  introduce  3-5  c.c.  of  concentrated  sulphuric  add,  allowing 
it  to  run  slowly  down  the  side  of  the  tube.  A  green  ring,  which  finally 
changes  to  blue,  is  formed  at  the  juncture  of  the  fluids.  This  is  claimed, 
by  Sherman,  to  be  twice  as  delicate  as  either  the  sulphuric  acid  or  the 
hydrochloric  add  test  for  formaldehyde. 

JI.  Leach's  Hydrochloric  Acid  Test. — Mix  10  c.c.  of  milk  and  10  c.c. 
of  concentrated  hydrochloric  add  containing  about  0.002  gram  of  ferric 
chloride  in  a  small  porcelain  evaporating  dish  or  casserole  and  gradttally 
raise  the  temperature  of  the  mixture,  on  a  water-bath,  nearly  to  the 
boiling-point,  with  occasional  stirring.  If  formaldehyde  is  present  a 
violet  color  is  produced,  while  a  brown  color  develops  in  the  absence  of 
formaldehyde.  In  case  of  doubt  the  mixture,  after  having  been  heated 
nearly  to  the  boiling-point  for  about  one  minute,  should  be  diluted  with 
50-75  c.c.  of  water,  and  the  color  of  the  diluted  fluid  carefully  noted,  since 
the  violet  color  if  present  will  quickly  disappear.  Formaldehyde  maybe 
detected  by  this  test  when  present  in  the  proportion  i :  250,000. 

(b)  Salicylic  and  Salicylates. —RemonVs  Method.'  Acidify  20  c.c.  of 
milE^ith  sulphuric  acid,  shake  well  to  break  up  the  curd,  add  25  c.c.  of 
ether,  mix  thoroughly,  and  allow  the  mixture  to  stand.  By  means  of  a 
pipette  remove  5  c.c.  of  the  ethereal  extract,  evaporate  it  to  dryness,  boil 
the  residue  with  10  c.c.  of  40  per  cent  alcohol,  and  cool  the  alcoholic 
solution.     Make  the  volume  10  c.c,  filter  through  a  dry  paper  if  necessary 

1  Swrnun'i  Orgkoic  AjM^yr  "'■itiiKi,  p.  131- 
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U,  ftxfjrt*-.  fat-  anrf  Xft  ;  r.-C  <A  the  sltnu.  iniicfa  rcprasenti  2  cc.  .x  m£k. 
a/M  J  '.y,,  '■rf  a  3  pfT  r/ait  yJutirjo  of  itrric  chJorvle.  Th£  pF>t!itTi.in  ot  a 
^«r>/<  '>r  :«fe<  '^/J/^  indkawa  the  presence  of  =aik>-uc  add. 

T>.M  teat  may  iV>rin  tht  basis  Of  a  qnantitath-e  method  by  dEaring  the 
fiAal  vJuticA  t/j  ;o  ex.  and  cofupaiing  this  with  sUndard  st^tioas  01 
*»iU.y\U.  arjd.    'fbe  cokirimetric  cooipansrais  may  be  made  in  a  Duboscq 

'ft,  H-jdratm  Peroxide. — Add  2-3  drops  of  a  2  per  cent  aqueous 
vAuiuAt  hi  para-f/hmylenediamine  bydrochlOTide  to  10-15  ^■*^'  ^^  milk. 
If  hydr'ff^en  jiaoxtrU:  is  fjresent  a  Nue  color  will  be  produced  immediateh- 
UfC'R  ivhakin];  the  mixture  or  after  allowing  it  to  stand  for  a  few  minutes. 
It  i%  dnimtil  that  hydr'fgen  peroxide  may  be  detected  by  this  test  when 
present  in  the  pn^fortii'jn  i  :40,ooo. 

<dx  Boric  Acid  and  Borates. — To  the  ash,  obtained  according  to  the 
rlire':tirfnA  fpvcn  in  Experiment  4,  page  43S,  add  2  drops  oi  dihite  hydro- 
chloric add  and  i  c.c.  of  water.  Place  a  strip  of  turmeric  paper  in  the 
rlinh  anrl  after  allowing  it  tr>  s'aIc  for  about  one  minute  remove  it  and  allow 
it  Ut  dry  in  the  air.  'f'hc  presence  of  boric  add  is  indicated  by  the  pro- 
(hicti'in  of  a  rieep  red  aAot  which  changes  to  green  or  blue  upon  treatmoit 
with  a  dilub;  alkali.  This  test  is  supposed  to  show  boric  acid  when 
present  in  the  jrt'i'JiKjrtion  i  :8ooo. 
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CHAPTER  XrV. 

EPnHELIALAND  CONNECTIVE  TISSUES. 

EPITHELIAL  TISSUE  (KERATIN). 

The  albuminoid  keratin  constitutes  the  major  portion  of  hair,  horn, 
hoof,  feathers,  nails,  and  the  epidermal  layer  of  the  skin.  There  is  a 
group  of  keratins  the  members  of  which  possess  very  similar  properties. 
The  keratins  as  a  group  are  insoluble  in  the  usual  protein  solvents  and 
are  not  acted  upon  by  the  gastric  or  pancreatic  juices.  They  all  respond 
to  the  xanthoproteic  and  Millon  reactions  and  are  characterized  by  con- 
taining large  amounts  of  sulphur.  Keratin  from  any  of  its  sources  may 
be  prepared  in  a  pure  form  by  treatment,  in  sequence,  with  artificial 
gastric  juice,  artificial  pancreatic  juice,  boiling  alcohol,  and  boiling  ether, 
from  twenty-four  to  forty-eight  hours  being  devoted  to  each  process. 

The  percentage  composition  of  some  typical  keratins  is  given  in  the 
following  table: 


1 

Percentage  Compositii 

,,. 

Nails' 

S 

N 
17-Si 

c 

1 

H 

0 

I. So 

51.00      j 

6.94 

".75 

Horn* 3-20 

50.86      ; 

6-94 

Indian | 

4.82 

15.40              44-06      1 

6.53 

19.19 

B 

r 

Japanese.,,! 

4.96 

14,64              4J.99      ' 

J. 91 

31-50 

Negro 

4.84 

14.90 

43.8s      , 

6,37 

30.04 

Caucasian   , 
(adults).     ' 

5-" 

'5-79 

44-49       ' 

6-44 

38.66 

Caucasian 
(children).  1 

4.93 

14-58 

43-23       1 

6.46 

30.80 

The  composition  of  human  hair  is  influenced  by  its  color  and  by  the 
race,  sex,  age  and  purity  of  breeding  of  the  individual.' 


:h  einer  ailgtm.  fkyiial.  Chrm.,  Braunsdneeit,  1844-51. 
LaiviAmit  BamMrtt^iKk  d.  Ciem.,  3. 
1  HAwk;  Jti^.  Bitk  Cktm..  3, 459. 1907- 


*  Mulder:  Versiuh  einer  allftm.  pi 
'  HorbftczewskJ:  /    '    *  " 

*  Rntherfonl  knd 
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ExFEStatEsis  ON  Epithelial  Tissce. 


Horn  shavings  or  nail  parings  may  be  used  in  the  experiments  which 
follow: 

1.  SolubiiUy. — Test  the  solubility  of  keratin  in  the  ordinarj-  solvents 
(seepages?).    «*- 0--    «,-^  ~^^^--- 

2.  MUlon'i  Reaction.  — 

3.  XanlkopToUic  Reaclion.^ 

4.  Adamkim/icz's  Iteaction." 

5.  Bopkins-CoU  Reaction. 

6.  Test  for  Ijwsely  Coptbined  Sulphur.  + 

CONNECTIVE  TISSUE. 
I.  WHITE  FIBROUS  TISSUE. 

The  principal  solid  constituent  of  white  fibrous  connective  tissue  is  the 
albuminoid  collagen.  This  body  is  also  found,  in  smaller  percentage  in 
cartilage,  bone,  and  ligament,  but  the  collagen  from  the  various  sources 
is  not  identical  in  composition.  In  common  with  the  keratins,  collagen 
is  insoluble  in  the  usual  protein  solvents.  It  differs  From  keratin  in  con- 
taining less  sulphur.  One  of  the  chief  characteristics  of  collagen  is, 
according  to  Hofmeister,  the  property  of  being  hydrolyzed  by  boiling  add 
or  water  with  the  formation  of  gelatin.  Emmett  and  Gies*  claim  that 
under  these  conditions  there  is  an  intramolecular  rearrangement  of 
collagen  and  the  resultant  gelatin  is  consequently  not  the  product  of 
hydrolysis.  The  liberation  of  ammonia  from  the  collagen  during  the 
process  apparently  confirms  this  view.  Collagen  gives  Millon's  reaction 
as  veil  as  the  xanthoproteic  and  biuret  tests. 

The  form  of  white  fibrous  tissue  most  satisfactory  for  general  experi- 
ments is  the  tendo  Achillis  of  the  ox.  According  to  Buerger  and  Gies* 
the  fresh  tissue  has  the  following  composition: 

WUcr 62,87% 

Solid* 37-13 

Inorganic  matter 0.47 

Organic  matter 36,66 

Fatty  substance  (ether-soluble) 1.04 

Coagulabie  protein 0.12 

Mucoid 1.28 

ICiostin 1.63 

CMagen 31 .39 

Eitractives,  etc o.go 

'  Kmmctt  and  Gies:  Jour.  Bitl.  cktm.,  3,  xixiii  (Proceedings),  1907. 
'  Buerger  and  (lies:  Am.  Jour.  PhyM.,  6, 119,  igoi. 
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The  mucoid  mentioned  above  is  called  tendomucoid^  and  is  a  glycol 
protein.  It  possesses  properties  similar  to  those  of  other  connective-tissue 
mucoids,  e.  g.,  osseomucoid  and  chondromucoid. 

Gelatin,  the  body  which  results  from  the  hydrolysis  of  collagen  (see 
statement  of  Emmett  and  Gies  above),  is  also  an  albuminoid.  It  responds 
to  nearly  all  the  protein  tests.  It  differs  from  the  keratins  and  collagen  in 
being  easily  digested  and  absorbed.  Gelatin  is  not  a  satisfactory  sub- 
stitute for  the  protein  constituents  of  a  normal  diet,  however,  since  a 
certain  portion  of  its  nitrogen  is  not  available  for  the  uses  of  the  organism. 
Gelatin  from  cartilage  differs  from  gelatin  from  other  sources  in  containing 
a  lower  percentage  of  nitrogen.  Tyrosine  and  tryptophane  are  not 
numbered  among  the  decomposition  products  of  gelatin,  hence  it  does  not 
respond  to  Millon's  reaction  or  the  Hopkins-Cole  reaction. 

Experiments  on  White  Fibkous  Tissue. 

The  tendo  AchUlis  of  the  ox  may  be  taken  as  a  satisfactory  type  of  the 
white  fibrous  connective  tissue. 

1.  Preparation  of  Tendomucoid. — Dissect  away  the  fasda  from 
about  the  tendon  and  cut  the  clean  tendon  into  small  pieces.  Wash  the 
pieces  in  running  water,  subjecting  them  to  pressure  in  order  to  remove 
as  much  as  possible  of  the  soluble  protein  and  inorganic  salts.  This 
washing  is  very  important.  Transfer  the  washed  pieces  of  tendon  to  a 
flask  and  add  300  c.c.  of  halj-salurated  lime  water,^  Shake  the  flask  at 
intervals  for  twenty-four  hours.  Filter  off  the  pieces  of  tendon  and  pre- 
cipitate the  mucoid  with  dilute  hydrochloric  acid.  Allow  the  mucoid 
precipitate  to  settle,  decant  the  supernatant  flmd  and  filter  the  remainder. 
Test  the  mucoid  as  foUows: 

(a)  Solubility. — Try  the  solubilityintheordinarysolvents  (seepage  27). 
{b)  Biuret  Test. — First  dissolve  the  mucoid  in  [mtassium  hydroxide 
solution  and  then  add  a  dilute  solution  of  copper  sulphate. 

(c)  Test  jor  Loosely  Combined  Sulphur. 

(d)  Hydrolysis  of  Tendomucoid.- — Place  the  remainder  of  the  mucoid 
in  a  small  beaker,  add  about  30  c.c.  of  water  and  2  c.c.  of  dilute  hydro- 
chloric acid  and  boil  until  the  solution  becomes  dark  brown.  Cool  the 
solution,  neutralize  it  with  concentrated  potassium  hydroxide,  and  test  by 
Fehling's  test.  With  a  reduction  of  Fehling's  solution  and  a  positive 
biuret  test  what  do  you  conclude  regarding  the  nature  of  tendomucoid? 

2.  Collagen- — This  substance  is  present  in  the  tendon  to  the  extent  of 
about  32  per  cent.    Therefore  in  making  the  following  tests  upon  the 

:r  and  water  from  the  iaucet. 


DigitizGd  by  Lj OOQ IC 


248  PHYSIOLOGICAL  CHEUS-ntY 

ineccs  of  tendcsi  from  which  the  mucoid,  sohible  protem,  and  inoisank 
salts  were  removed  in  the  iast  expeiiment,  we  may  conader  the  tests  as 
being  made  upon  collagen. 

(a)  SolubUity. — Cut  the  collagen  into  ver>-  fine  pieces  and  try  its 
solubility  in  the  ordinary  solvents  fsee  page  27).      **  !«  '   **"   *"  **&<- 

^^    (b)  MiOon's  Reaction.  ^^fj^     "     '*J\^ 

y^.  <c}  Biuret  Test.  ^  ,^.*^ 

Jm^  (d)  Xanihoproteic  Reaction. 
<e)  Ilopkins-CoU  Reaction. 

(f)  Test  for  Loosely  Combined  Sulphur. — Take  a  large  piece  of  collifgen 
in  a  t*st-tube  and  add  about  5  c.c.  of  potassium  hydroxide  sohition. 
Heat  until  the  collagen  is  partly  decomposed,  then  add  1-2  drops  of  lead 
acetate  and  again  beat  to  boiling. 

(g)  Formation  of  Gelatin  from  Collagen. — Transfer  the  remainder  of  the 
pieces  of  collagen  to  a  casserole,  fill  the  vessel  about  two-thirds  full  of 
water  and  boil  for  several  hours,  adding  water  at  intervals  as  needed. 
By  this  means  the  collagen  is  transformed  and  a  body  known  as  gelatin  is 
produced  Tsce  p.  247). 

3.  Gelatin. — fJn  the  gelatin  formed  from  the  transformation  of  colla- 
gen in  the  above  experiment  (g),  or  on  gelatin  furnished  by  the  instructor 
make  the  following  tests: 

^)  Solubility. — Try  the  solubility  in  the  ordinary  solvents  (see  pj^e 
27)  and  in  hot  water. 

(b)  MiUan's  Reaction. 

(c)  Ilopkins-Cole  Reaction. — Conduct  this  test  according  to  the  modi- 
ficatli>n  given  on  page  98. 

(rf)  Test  for  iMsely  Combined  Sulphur. 

Make  the  following  tests  upon  a  solution  of  gelatin  in  hot  water: 
A^(a)  Precipitation  by  Mineral  Acids. — Is  it  precipitated   by  strong 
mineral  acids  such  as  concentrated  hydrochloric  acid? 

(i)  Salting-out  Experiment. — Saturate  a  little  of  the  solution  with 
solid  ammonium  sulphate.    Is  the  gelatin  precipitated?    Repeat  the 
experiment  with  sodium  chloride.    What  is  the  result? 
\jt  (c)  Precipitation  by  Metallic  Salts. — Isitprecipitatedby  metallic  salts 

sudTas  copper  sulphate,  mercuric  chloride,  and  lead  acetate? 
*^   {d)  Coagulation  Test.— Does  it  coagulate  upon  boiUng? 

(e)  Precipitation  by  Alkaloidal  Reagents. — Is  it  precipitated  by  such 
reagents  as  picric  acid,  tannic  acid,  and  trichloracetic  acid? 
Wv*     ^  Biuret  Test. — Does  it  respond  to  the  biuret  test? 
6       {&)  Bardach's  Reaction. — Does  it  yield  the  typical  crystals  of  this 
reaction?    (See  page  loi.) 
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(f^ik)  Precipitatum  by  Alcohol. — Fill  a  test-tube  one-half  full  of  95  per 
cenfalcdhol  and  pour  in  a  small  amount  of  concentrated  gelatin  solution. 
Do  you  get  a  precipitate?  How  would  you  prepare  pure  gelatin  from 
the  tendo  A  chillis  of  the  ox? 

II.  YELLOW  ELASTIC  TISSUE  (ELASTIN). 

The  ligamentum  nucha  of  the  ox  may  be  taken  as  a  satisfactory  type  of 
the  yellow  elastic  connective  tissue.  The  principal  solid  constituent  of 
this  tissue  is  elastin,  a  member  of  the  albuminoid  group.  In  common  with 
the  keratins  and  collagen,  elastin  is  an  insoluble  body  and  gives  the  pro- 
tan  color  reactions.  It  differs  from  keratin  principally  in  the  fact  that  it 
may  be  digested  by  enzymes  and  that  it  contains  a  very  small  amount  of 
sulphur. 

It  has  recently  been  demonstrated  that  elastin  has  the  property  of 
adsorbing  pqjsin  from  the  gastric  juice  and  thus  protecting  it  so  the 
enzyme  can  function  later  in  the  intestine'  (see  chapter  on  Gastric 
Digestion) . 

Yellow  elastic  tissue  also  contains  mucoid  and  collagen  but  these  are 

present  in  much  smaller  amount  than  in  white  fibrous  tissue,  as  may  be 

seen  from  the  following  percentage  composition  of  the  fresh  ligamentum 

nucha  of  the  ox  as  determined  by  Vandegrift  and  Gies.^ 

Water 57-S7% 

Solids 43.43 

Inorganic  matter 0.47 

Organic  matter 41 .96 

Fatty  substance  (ether-soluble). 1.12 

Coagulable  protein ,      0.6* 

Mucoid 0-S3 

Elastin 31-67 

Collagen 7,13 

Extractives,  etc 0.80 

Experiments  on  Elastin. 

I.  Pr^)aratioii  of  Elastin  (Richards  and  Gies).' — Cut  the  liga- 
ment into  fine  strips,  run  it  through  a  meat  chopper  and  wash  the  finely 
divided  material  in  cold,  running  water  for  24-48  hours.  Add  an  excess 
of  half-saturated  lime  water  (see  note  at  the  bottom  of  p.  247)  and 
allow  the  hashed  ligament  to  extract  for  48-72  hours.  Decant  the  lime 
water,  remove  all  traces  of  alkali  by  washing  in  water  and  then  boil  in 
water  with  repeated  renewals  imtil  oidy  traces  of  protein  material  can  be 
detected  in  the  wash  water.  Decant  the  fluid  and  boil  the  ligament  in 
10  per  cent  acetic  acid  for  a  few  hours.    Treat  the  pieces  with  5  per  cent 

<  Abderhalden  and  Meyer:  Ztil.  fhysioL  Cktm.,  74,  67,  it>ii. 
'  Vandegrift  and  Gies:  Am.  Jota.  Physiol.,  5,  287,  1901. 
■  Rictwrds  uid  Gies;  Am.  Jovr.  Physiol.,  7,  93, 1901. 
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hyAuxMiftic  add  at  room  temperature  for  a  amOar  period,  extract  again 
in  hot  acetic  acid  and  in  add  hydiocbloric  add.  Wash  out  traces  of  add 
\fy  TMAm,  <A  water  and  then  thorough)}'  dehydrcJj-ze  by  btnliiig  alcohol 
and  Ix^iling  ether  in  turn.  Diy  in  an  air-bath  and  grind  to  a  powder  in  a 
mortar. 

3.  SrfubiBty.— Try  the  8o!ubilit>'  of  the  find>'  di\nd«I  elastin,  pre- 
I>ared  \>y  yourself  or  fumbhed  by  the  instructor,  in  the  ordinan'  solvents 
(see  jKige  27J,     How  does  its  solubility  compare  with  that  of  collagen? 

3.  MUlon's  Reactkm. 

4.  Xandioprotek  Reaction. 

5.  Biuret  Test 

6.  Ko^^DS-Cdiit  Reaction. — Conduct  this  test  according  to  the 
modification  given  on  page  98. 

7.  Test  for  Loosely  Combined  So^dnir. 

ni.  CARTILAGE. 

The  prindpal  solid  constituents  of  the  matrix  of  cartilaginous  tissue 
dxechondromucoid,chondroilin'SidphuTicacid,chondroalbumoid3iXi.AcoUcgen. 
Chondromucoid  differs  from  the  mucoids  isolated  from  other  connective 
ti»ue»  in  the  large  amount  of  chondroitin-sulphuric  add  obtained  upon 
decomiHisilion.  Besides  bdng  an  important  constituent  of  all  forms  of 
cartilage,  chrondroitin-sulphuric  add  has  been  found  in  bone,  ligament, 
the  mucosa  of  the  pig's  stomach,  the  kidney  of  the  ox,  the  inner  coats  of 
large  arteries  and  in  human  urine.  It  may  be  decomposed  through  the 
action  of  aci<l  and  yields  a  nitrogenous  body  known  as  chondroilin  and 
later  this  body  yields  chondrosin.  Chondrosin  is  also  a  nitrogenous  body 
and  has  the  power  of  reducing  Fehling's  solution  more  strongly  than 
dextrose.  Sulphuric  acid  is  a  by-product  in  the  formation  of  chondroitin, 
and  acetic  acid  is  a  by-product  in  the  formation  of  chondrosin. 

Chondroalbumoid  is  similar  in  some  respects  to  elastin  and  keratin. 
It  differs  from  keratin  in  being  soluble  in  gastric  juice  and  in  containing 
considerably  less  sulphur  than  any  member  of  the  keratin  group.  It 
gives  the  usual  protein  color  reactions . 

Experiments  on  Cartilage. 

1.  Preparation  of  the  Cartilage. — Boil  the  trachea  of  an  ox  in 
water  until  the  cartilage  rings  may  be  completely  freed  from  the  sur- 
rounding (issue.  Use  the  cartilage  so  obtained  in  the  following  experi- 
ments: 

2.  Solubility.—  Cut  one  of  the  rings  into  very  small  pieces  and  try  the 
solubility  of  the  cartilage  in  the  ordinary  solvents  (see  page  37). 
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3.  MiUon's  Reactum. 

4.  Xantiit^iToteic  Reaction. 

5.  Hopkms-C<de  Reaction^ — Conduct  this  test  according  to  the 
modifioition  given  on  page  98. 

6.  Test  for  Loosely  Combined  Sulphiir. 

7.  Preparation  of  Cartil^e  Gelatin.— Cut  the  remaining  cartilage 
rings  into  small  pieces,  place  them  in  a  casserole  with  water  and  boil  for 
several  hours.  Filter  while  the  solution  is  still  hot.  Observe  that  the 
filtrate  soon  becomes  more  or  less  solid.  What  is  the  reason  for  this? 
Bring  a  portion  of  the  material  into  solution  by  heat  and  try  the  following 
tests: 

(a)  Biuret  Test. 

(b)  Bardach's  Reaction. 

(c)  Test  {or  Loosely  Combined  Sulphur. 

(d)  To  about  5  c.c.  of  the  solution  in  a  test-tube  add  a  few  drops  of 
barium  chloride.  Do  you  get  a  precipitate,  and  if  so  to  what  is  the  pre- 
cipitate due? 

(e)  To  about  5  c.c.  of  the  solution  in  a  test-tube  add  a  few  drops  of 
dilute  hydrochloric  acid  and  boil  for  a  few  moments.  Now  add  a  little 
barium  chloride  to  this  solution.  Is  the  precipitate  any  larger  than 
that  obtained  in  the  preceding  experiment?    Why? 

(f)  To  the  remainder  o!  the  solution  add  a  little  dilute  hydrochloric 
acid  and  boil  for  a  few  moments.  Cool  the  solution,  neutralize  with 
solid  potassium  hydroxide,  and  try  Fehling's  test.    Explain  the  result. 

TV.  OSSEOUS  TISSUE. 

Of  the  solids  of  bone  about  equal  parts  are  organic  and  inorganic 
matter.  The  organic  portion,  called  ossein,  may  be  obtained  by  removing 
the  inorganic  salts  through  the  medium  of  dilute  acid.  Ossein  is  practi- 
cally the  same  body  which  is  termed  collagen  in  the  other  connective 
tissues,  and  in  common  with  collagen  yields  gelatin  upon  being  boiled 
with  dilute  mineral  acid. 

In  common  with  the  other  connective  tissues  bone  contains  a  mucoid 
and  an  albuminoid.  Because  of  their  origin  these  bodies  axe  called  osseo- 
mucoid and  osseoalbumoid.  Osseomucoid,  when  boiled  with  hydro- 
chloric acid,  yields  sulphuric  acid  and  a  substance  capable  of  reducing 
Fehling's  solution.  The  composition  of  osseomucoid  is  very  similar 
to  that  of  tendomucoid  and  chondromucoid  (see  page  113). 

The  inorganic  basis  of  the  dry,  fat-free  bone  is  a  chemical  substance, 
not  a  mixture.  This  fact  is  indicated  by  the  uniform  composition  of 
the  bfoies  of  fasting  animus  as  well  as  by  the  definite  relationship  existing 
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between  the  elements  present.  Bones  of  nonnal  and  fasting  animals 
of  the  same  q>edes  present  no  profound  differences  in  percentage  compo- 
sition. The  percentage  composition  of  the  dry,  fat-free  femurs  of  two 
dogs*  after  the  animals  had  fasted  for  104  and  14  day's  respectively  was 
as  follows: 

Dog.  No.      Length  of  (wt.    j       Ash.  N.  CaO.  MgO.  P,0|. 


14  days.  61.65 


The  marked  uniformity  in  composition  notwithstanding  the  wide 
variation  in  the  fasting  periods  is  dgnificant.  The  tensile  strength  of 
the  femur  of  the  dog  has  been  found  to  be  at  least  25,000  pounds  to  the 
square  inch'  whereas  that  of  oak  is  10,000  and  that  of  cast  iron  20,000 
pounds  to  the  square  inch. 

Experiment  on  Osseous  Tissde. 

QualitatiTe  Analysis  of  Bone  Ash. — Take  i  grajn  of  bone  ash  in 
a  small  beaker  and  add  a  little  dilute  nitric  acid.  What  does  the  efferves- 
cence indicate?  aur  thoroughly  and  when  the  major  portion  of  the  ash  is 
dissolved  add  an  equal  volume  of  water  and  filter.  To  the  acid  filtrate 
add  ammonium  hydroxide  to  alkaline  reaction.  A  heavy  white  pre- 
cipitate of  ph^hates  results.  (What  phosphates  are  precipitated 
here  by  the  ammonia?)  Filter  and  test  the  filtrate  for  chlorides,  sulphates, 
phosphates,  and  calcium.  Add  dilute  acetic  acid  to  the  precipitate  on 
the  paper  and  test  this  filtrate  for  calcium  and  phosphates.  To  the 
precipitate  remaining  undissolved  on  the  paper  add  a  little  dilute  hydro- 
chloric add  and  test  this  last  filtrate  for  phosphates  and  iron. 

Reference  to  the  following  scheme  may  facilitate  the  analysis. 

n  a  ii^-day  fast  by  dog  No.  I,  see 
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EPITHELIAL  AND  CONNECTIVE   TISSUES 
BONE  ASH. 


Kestduc 


Filtrate  L 

hydroxide  t( 
ltd  filtei. 


»  Paper  with  ai 


nitrate  n. 
Test  for; 

1.  Chlorides.  ■*• 

2.  Sulphates,  -t.""- 
I                                                  I                                    3.  Phosphates.  * 

Residue  m.  Filtrate  m.  4.  Caldum.  ^ 

Treat  on  paper  with  hydro-  Test  for; 

cUoric  acid.  1.  Phosphates. -H 

J  3.  Calaum.  j- 

Irate  IV. 
Test  for: 

1.  Phosphates. -F 

V.  ADIPOSE  TISSUE. 
For  discussion  and  e^eriments  see  chapter  on  Fats,  page  139. 
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CHAPTER  XV. 
Ml^CDLAR  TISSUE. 

The  muscular  tissues  are  divided  physiologically  into  the  voluntary 
(striated)  and  the  involuntary  (non-striated  or  smooth).  In  the  chemical 
examination  of  muscular  rissue  the  voluntary  form  is  generally  employed. 
Muscle  contains  about  25  per  cent  of  solid  matter,  of  which  about  four- 
fifths  is  protein  material  and  the  remaining  one-fifth  extractives  and 
inorganic  salts. 

The  proteins  are  the  most  important  of  the  constituents  of  muscular 
tissue.  In  the  living  muscle  we  find  two  proteins,  myosinogen  and  para- 
myosinogen. These  may  be  shown  to  be  present  in  muscle  plasma  ex- 
pressed from  fresh  muscles.  In  common  with  the  plasma  of  the  blood 
this  muscle  plasma  has  the  power  of  coagulating,  and  the  clot  formed  in 
this  process  is  called  myosin.  According  to  Halliburton'  and  others  in 
the  onset  of  rigor  mortis  we  have  an  indicarion  of  the  formation  of  this 
myosin  clot  within  the  body.  The  relation  between  the  proteins  of 
living  and  dead  muscle  is  represented  graphically  by  Halliburton  as 
follows : 

Protans  of  the  living  muscle. 

I-      -         ^  -I 

Para-myosinosen  (2$%).  Hyosiaogea  (75%). 

Soluble  myodn. 


Of  the  total  protein  content  of  living  muscle  about  75  per  cent  is  made 
up  by  the  myosinogen  and  the  remaining  25  per  cent  is  para-myosinogen. 
These  proteins  may  be  separated  by  subjecting  the  muscle  plasma  to 
fractional  coagulation  in  the  usual  way.  Under  these  conditions  the 
para-myosinogen  is  foimd  to  coagulate  at  47°  C.  and  the  myosinogen  to 
coagulate  at  56°  C.  It  is  also  claimed  by  some  investigators  that  it  is 
possible  to  separate  these  two  proteins  by  the  fractional  ammonium 
sulphate  method,  but  the  possibility  of  making  an  accurate  separation  by 
this  method  is  somewhat  doubtful.  It  is  well  established  that  para- 
myosinogen is  a  globulin  since  it  responds  to  certain  of  the  protein  precipi- 
tation tests  and  is  insoluble  in  water.     Myosinogen,  on  the  contrary, 

'  Halliburton:  1) inch tmi sin-  of  Muscle  anil  Nerve,  1904,  p.  4. 
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is  not  a  typical  globulin  since  it  is  soluble  in  water.  It  has  been  called  a 
psetido-glohutin.  Myosin  possesses  the  globulin  characteristics.  It  is 
insoluble  in  water  but  soluble  in  the  other  protein  solvents  and  is  precipi- 
tated from  its  solution  upon  saturation  with  sodium  chloride. 

Mcllanby  has  recently  reported  observations  which  he  claims  indicate 
that  there  is  only  one  protein  in  muscle  and  that  rigor  mortis  is  due  to  the 
coagulation  of  this  protein  under  the  combined  influences  of  the  salt 
present  in  the  muscle  and  the  lactic  acid  developed  upon  the  death  of  the 
muscle.  He  further  states  that  the  disappearance  of  rigor  is  due  to  the 
fact  that  the  lactic  acid  which  is  continually  formed  brings  this  protein 
into  solution.  There  is  a  difference  of  opinion  as  to  whether  true  rigor 
ever  occurs  in  connection  with  non-striated  (smooth)'  muscle. 

Our  ideas  concerning  the  cause  of  rigor  have  undergone  an  impor- 
tant revision  quite  recently.  A  very  attractive  theory  has  been  advanced 
by  Meigs'  and  experimental  confirmation  has  been  accorded  it  by  von 
Fiirth  and  Lenk.*  According  to  this  theory,  rigor  has  no  connection 
with  the  coagulation  of  the  muscle  proteins  and  may  even  be  hindered 
or  prevented  by  such  coagulation.  The  cause  of  rigor,  from  this  new 
viewpoint,  lies  in  the  imbibition  of  water  by  the  muscle  colloids.  It  is  well 
known  that  colloids  possess  the  property  of  absorbing  whatever  fluid 
may  be  in  contact  with  them.  Moreover,  the  capacity  of  the  colloid  for 
water  is  increased  if  the  fluid  is  slightly  acid  in  reaction.  Therefore  the 
postmortem  production  of  lactic  acid  facilitates  the  imbibition  of  muscle 
fluid  by  the  muscle  colloids.  Under  such  conditions,  the  fibers  swell, 
become  rigid  and  the  condition  known  as  rigor  mortis  results.  The 
disappearance  of  rigor  is  believed  to  be  due  to  the  coagulation  of  the 
muscle  protein  through  the  agency  of  the  accumulated  lactic  acid. 
This  change  is  accompanied  by  a  release  of  the  imbibed  water  by  the 
colloids,  inasmuch  as  the  capacity  of  a  colloid  for  retaining  fluid  is  lowered 
by  coagulation. 

Under  the  name  extractives  we  class  a  number  of  muscle  constituents 
which  occur  in  traces  in  the  tissue  and  may  be  extracted  by  water,  alcohol, 
or  ether.  There  are  two  classes  of  these  extractives,  the  non-nitrogenous 
exlraclives  and  the  nitrogenous  extractives.  Grouped  under  the  non- 
nitrogenous  bodies  we  have  glycogen,  dextrin,  sugars,  lactic  acid,  inosile, 
CsHsCOH)*,  and  fat.  In  the  class  of  nitrogenous  extractives  we  have 
creatine,  creatinine,  xanthine,  hypoxanlhine,  uric  acid,  urea,  carnine,  guanine, 
phospkocarnic  acid,  inosimc  acid,  carnosine,  taurine,  carnitine,  novaine, 
ignotine,  neosine,  oblitine,  carnomuscarine  and  methylguanidine  (see  for- 
mulas on  page  260).    Not  all  of  these  extractives  are  present  in  the 

'  SkxI:  BcilrUge  zur  chcmischtn  Pkysialogie  iind  Palbolegie,  9,  I,  1907. 
*  Meigs;  Amrriran  Jountat  of  Physiology,  36,  191,  igio. 

n  FUrth  and  Lenk:  IVimrr  UtHhclir  Woehrnschrijt,  24,  1079,  igi  1. 
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The  reaction  of  an  inactive  living  muscle  is  alkaline,  but  upon  the  death 
of  the  muscle,  or  after  the  continued  activity  of  a  living  muscle,  the 
reaction  becomes  add,  due  to  the  fdnnation  of  lactic  acid.  There  is  a 
difference  of  opinion  regarding  the  origin  of  this  lactic  acid.  Some 
investigators  claim  it  to  arise  from  the  carbohydrates  of  the  muscle, 
while  others  ascribe  to  it  a  protein  origin. 

Among  the  nitrogenous  extractives  of  muscle,  those  which  are  of  the 
most  interest  in  this  connection  are  creatine  and  the  purine  bases,  xanthine 
and  hypoxanthine.  Creatine  is  found  in  varying  amounts  in  the  muscles 
of  different  species,  the  muscles  of  birds  having  shown  the  largest  amount. 
It  has  also  been  found  in  the  blood,  the  brain,  in  transudates  and  in  the 
thyroid  gland.  Creatine  may  be  crystallized  and  forms  colorless  rhombic 
prisms  (Fig.  82,  below)  which  are  soluble  in  warm  water  and  practically 


/s^iffSS^ 


Fig,  8s. — Creatine. 

insoluble  in  alcohol  and  ether.  Upon  boiling  a  solution  of  creatine  with 
dilute  hydrochloric  acid  it  is  dehydrolyzed  and  its  anhydride  creatinine  is 
formed.  The  theory  that  the  creatine  of  invested  meat  is  transformed 
into  creatinine  and  excreted  in  the  urine  has  been  proven  untenable 
through  the  researches  of  Folin,  Klercker,  and  Wolf  and  Shaffer.  It  is 
now  known  that  under  normal  conditions  the  ingestion  of  creatine  in  no 
way  influences  the  excretion  of  creatinine.  In  the  case  of  Eck  fistula  dogs, 
however,  London  and  Boiyarskii'  found  ingested  creatine  to  increase  the 
output  of  creatinine  in  the  urine.  This  finding  is  of  importance  as  throw- 
ing light  upon  the  r61e  of  the  liver  in  creatine  and  creatinine  metabolism. 
In  this  connection  it  is  important  to  note  that  there  is  no  normal  excretion 
of  endogenous  (sec  p.  291)  creatine,  a  statement  proven  by  the  fact  that 
'  London  and  Boiyarskii ;  Zeil.  phys.  chtm.,  62,  465,  1909. 
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Besides  this  salt  we  have  present  chlorides  and  salts  of  sodium,  caldnm, 
magnesium,  and  iron.    Sulphates  are  also  present  in  traces. 

Mendel  and  Saiki  have  made  some  interesting  observations  upon  the 
chemical  composition  of  non-striated  or  smooth  (involuntary)  mammalian 
muscle,  such  as  the  urinary  bladder  and  the  muscular  coat  of  the  stomach 
of  the  pig.  Hypoxanthine  was  found  to  be  the  predominant  purine  base 
present.  Creatine  and  paralactic  add  were  also  isolated.  These  investi- 
gators were  unable  to  demonstrate,  definitely,  the  presence  of  glycogen 
in  the  non-striated  musdes  studied,  but  state  that "  the  tissues  possess  the 
property  of  transforming  glycogen  in  the  characteristic  enzymatic  way," 
The  most  important  part  of  their  investigation  consists  in  a  rather  con^ilete 
analysis  of  the  inorganic  constituents  of  these  muscles.  A  notable  differ- 
ence in  the  relative  distribution  of  the  various  inorganic  constituents  was 
observed,  a  difference  which,  according  to  the  authors,  "can  be  accounted 
for  inpartonly  by  an  admixture  of  lymph."  The  comparative  composition 
of  the  inorganic  portion  of  striated  and  non-striated  muscle  and  of  blood 
serum  for  comparison  is  shown  in  the  appended  table: 

Per  100  parts  of  fresh  muscle. 

K,0  I  Na,0  j  Fe,0,  i  CaO  '  Mgo|   C!    I  P,0,    H^ 

Non-striated   muscle   (Mendel  and  . 

Saiki) o.c8i]  0.3181  o. 011  ]o. 04410. 0070, 171 1  o 

Skeletal  muscle  (Katz) 10.306   o.  zio^  o.oaS,o. 01  i|o. 047.0. 048-  o 

Blood  serun*  (Abderhalden) 0,027'  0.425'.  .....  0.01  a  0.0040,363'  o 


An  interesting  comparative  study  of  the  ash  of  the  smooth  musde  of 
the  stomach  of  the  frog  and  the  striated  muscle  from  the  same  animal  was 
very  recentiy  reported  by  Meigs  and  Ryan.*  Their  data  indicate  "  that 
smooth  muscle  contains  somewhat  less  potassium  and  phosphorus  and 
somewhat  more  sodium  and  chlorine  than  the  striated  musde  of  the  same 
animal,  but  that  the  differences  in  these  respects  between  the  two  tissues 
are  not  by  any  means  so  marked  as  has  sometimes  been  supposed." 
Their  average  figures  for  each  type  of  muscle  follow: 

Per  100  parts  of  fresh  muscle. 
Muscle. 

K       Na  I     Fe        Ca      Mg        P        CI         S       Solids  Hrf) 


'  Meigs  and  Ryan :  Journal  of  Biclogical  Chemistry,  i 
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The  preparation  from  which  the  above  data  for  smooth  muscle  were 
obtained  were  shown  by  histological  examination  to  consist  in  large 
part  of  smooth  muscle  fibers. 

Muscular  tissue  is  said  to  contain  a  reddish  pigment  called  myo- 
keemalin,  which  is  a  derivative  of  haemoglobin. 

The  so-called  "fatigue  substances"  of  muscle  are  carbon  dioxide, 
paralactic  acid,  and  potassiiun  dihydrogen  phosphate. 

The  ordinary  commercial  "meat  extract"  is  composed  principally 
of  the  water-soluble  constituents  of  muscle  and  contains  practically  nothing 
of  nutritive  value.  The  protein  material  to  which  meat  owes  its  value  as  an 
article  of  diet  is  ordinarily  practically  all  removed  in  the  preparation  of 
the  extract.  Occasionally  some  preparations  are  found  to  contain  pro- 
teose, which  is  formed  from  the  meat  proteins  in  theprocess  of  preparation. 

The  structural  formulas  of  some  of  the  nitrogenous  extractives  of 
muscle  are  as  follows : 

NH,  HN  CO 

I  I 

HN=C  HN=C 

I  I 

N.(CH,).CHi.COOH.  N.(CH,).CHt 

Crbaiinb.  C.HiNiOi.  Crbat[NINB,  C.HiN.O 

Utihyt-tMnidini  actlic  acid.  Citalint  anhydridt. 

NHj 

I  CHi.NHi 

C  =  0  I 

I  CHj.SOiOH 
NHs 

Ubha.  C0N>H,.  Taubink.  C.HtNSO, 


(CH,)3.N 

\ 
CH,— CH  .  OH— CH; 

Carnosine,  C»H|4N40j. 

Neosine,  CnHnNOj. 

Novainc,  CjHnHOj. 

Ignotine,  CjHuNiOj. 

Phosphocarnic  add,  CioHuN'sOfi  or  CtoHisXaOB. 

Inosinic  add,  (HO)..PO.O.CHs(CHOH)3.CH:{CtH,X40). 

The  following  extractives  as  a  group  are  called  purine  bodies.  Their 
formulas,  together  with  that  of  purine  from  which  the>'  are  derived  and 
the  hypothetical  "purine  nucleus"  follow: 
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N-CH 

1      1 

■N-C 

HC     C— NH 

,C     C'-N' 

\CH 

>'^- 

N— C  —  N 

PUMNI.  ClH.N.. 

iN— C— N, 

PURINI  NUCLBUS. 

HN— CO 

1       1 

HN— CO 

1            1 

HC     C— NH 

OC     C— NH 

\CH 
N— C— N 

VPOXAHIHIN.,  C.H,N,0. 

6-oiyP%riin. 

Vh 

HN— C— N 

Xanthine.  C.H.N,0:. 
l-6-dioxvPKriH(. 

HN— CO 

N  =  C.NH, 

OC     C— NH 

HC     C— NH 

>co 

^CH 

HN— C— NH 

jRic  Acid.  C.H.N.O.. 

N— C— N 

Adenine,  C.H.Ni. 

HN- 

-CO 

H,N.C 

c- 

-NH 
>CH 

N- 

-C- 

C.H.l 

-n 

Experiments  on  Muscular  Tissue. 

L  Eiperiments  on  "Living"  Muscle. 

I.  Preparation  of  Muscle  Plasma  (Halliburton).— Wash  out 
the  blood  vessels  of  a  freshly  killed  rabbit  with  0.9  per  cent  sodium 
chloride.  This  can  best  be  done  by  opening  the  abdomen  and  inserting 
a  cannula  into  the  aorta.  Now  remove  the  skin  from  the  lower  limbi|f 
cut  away  the  muscles  and  divitjje  them  into  very  small  pieces  by  means 
of  a  meat  chopper.  Transfer  the  pieces  of  muscle  to  a  mortar  and  grind 
them  with  clean  sand  and  a  little  5  per  cent  magnesium  sulphate.  Filter 
off  the  salted'muscle  plasma  and  make-'the  following  tests: 

(a)  Reaction. — Test  the  reaction  to  litmus,  phenolphthalein  and  congo 
red.    What  is  the  ruction  of  this  fresh  muscle  plasn^°'  -• 

(A)  Fractional  Coagulation. — Place  a  UttT  fcest- 

tube  and  arrange  the  apparatus  for  d 
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on  page  io6.  Raise  the  temperature  very  carefully  from  30°  C.  and 
note  any  changes  which  may  occur  and  the  exact  temperature  at  which 
such  changes  take  place.  When  the  first  protein  (para-myosinogen) 
coagulates  filter  it  off  and  then  heat  the  clear  filtrate  as  before,  being 
careful  to  note  the  exact  temperature  at  which  the  next  coagulation 
(myosinogen)  occurs.  There  will  probably  be  a  preliminary  opalescence 
in  each  case  before  the  real  coagulation  occurs.  Therefore  do  not 
mistake  the  real  coagulation-point  and  filter  at  the  wrong  time.  What 
are  the  coagulation  temperatures  of  these  two  proteins?  Which  protein 
was  present  in  greater  amount? 

(c)  Formation  of  the  Myosin  Clot. — Dilute  a  portion  of  the  plasma 
with  3  or  4  times  its  volume  of  water  and  place  it  on  a  water-bath  or 
in  an  incubator  at  35°  C.  for  several  hours.  A  tj-pical  myosin  clot  should 
form.  Note  the  muscle  serum  surroimding  the  clot.  Now  test  the 
reaction.  Has  the  reaction  changed,  and  if  so  to  what  is  the  change 
due?    Make  a  test  for  lactic  acid.    What  do  you  conclude? 

2.  Preparation  of  Muscle  Plasma  (v.  Fiirth). — Remove  the  blood- 
free  muscles  of  a  rabbit  as  explained  above.  Finely  divide  by  means  of  a 
meat  chopper  and  grind  in  a  mortar  with  a  little  clean  sand  and  some 
0.9  per  cent  sodium  chloride.  Wrap  portions  of  the  muscle  in  imisUn 
and  press  thoroughly  by  means  of  a  tincture  piess  or  lemon  squeezer. 
Filter  and  make  the  tests  according  to  the  directions  given  in  the  last 
experiment. 

3.  "Puchsin-frog"  Experiment — Inject  a  saturated  aqueous  solu- 
tion of  Fuchsin  "S"  into  the  lymph  spaces  of  a  frog  two  or  three  times 
daily  for  one  or  two  days,  in  this  way  thoroughly  saturating  the  tissues 
with  the  dye.  Pith  the  animal  (insert  a  heavy  wire  or  blunt  needle  through 
the  occipito  atlantoid  membrane),  remove  the  skin  from  both  hind  legs 
and  expose  the  sciatic  nerve  in  one  of  them.  Insert  a  small  wire  hook 
through  the  jaws  of  the  frog  and  suspend  the  animal  from  an  ordinary 
clamp  or  iron  ring.  Pass  electrodes  under  the  exposed  sciatic  nerve, 
and  after  tying  the  other  leg  to  prevent  any  muscular  movement,  stimu- 
late the  exposed  nerve  by  means  of  make  and  break  shocks  from  an 
Sduction  coil.  The  stimulated  leg  responds  by  pronounced  muscular  con- 
tractions, whereas  the  tied  leg  remains  inictive.  Continue  the  stimulation 
until  the  muscles  are  fatigued.  The  jouscular  activity  has  caused  the 
production  of  lactic  acid  and  this  in  ffim  has  reacted  with  the  injected 
fuchsin  to  cause  a  pink  or  red  color  to  develop.  The  muscles  of  the  inac- 
tive leg  still  remain  unchanged  in  color. 

The  normal  color  of  the  Fuchsin  "S"  when  injected  was  red,  but  upon 
being  absorbed  it  became  colorless  through  the  action  of  tha  alkalinity 
of  the  bipod.     Upon  stimulating  the  muscles,  however,  asabove  explained, 
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lactic  acid  was  fonned  and  this  add  reacted  with  the  fuchsin  and  again 
produced  the  original  color  of  the  dye. 

n.  Experiments  on  "Dead"  Muscle. 

I.  Preparation  of  Myosin.— Take  25  grams  of  finely  divided  lean 
beef  which  has  been  carefully  washed  to  remove  blood  and  lymph  constit- 
uents and  place  it  in  a  beaker  with  10  per  cent  sodium  chloride.  Stir 
occasionally  fdr  several  hours.  Strain  off  the  meat  pieces  by  means  of 
cheese  cloth,  filter  the  solution  and  saturate  it  with  sodium  chloride  in 
substance.  Filter  off  the  precipitate  of  myosin  and  make  the  tests  as  given 
below.  This  filtration  will  proceed  very  slowly.  Myosin  collects  as  a 
film  on  the  sides  of  the  filter  paper  and  may  be  removed  and  tested  before 
the  entire  volume  of  fluid  has  been  filtered.  If  this  precipitate  remains 
for  any  length  of  time  on  the  paper  in  contact  with  the  air  it  will  become 
transformed  into  the  protean  myosan.  Test  the  myosin  precipitate  as 
follows: 

(a)  Solubility. — Try  its  solubility  in  the  ordinary  soli^nt^.  Is  myosin 
an  albumin  or  a  globulin?  ^*^  ^^^ 

(6)  Xanthoproteic  Reaction. — See  page  97.  Cr*-*  W  C-2- 

(c)  Coagulation  Test. — Suspend  a  little  of  the  myosin  in  water  in  a 
test-tube  and  heat  to  boiling  for  a  few  moments.  Now  remove  the  sus- 
pended material  and  try  its  solubility  in  10  per  cent  sodium  chloride. 
What  property  does  this  experiment  show  myosin  to  possess? 

Test  tb(-  lilLraU  ixoia  Uil'  (iri);in:il  myosin  precipitate  as  follows: 

(a)  &fiffl  rest.— What  dur-  ihi^  show? 

(b)  fllfc  a  little  of  the  solutiu)i  in  a  test-tube  and  heat  to  boiling. 
At  the  boiling-point  add  a  drop  ■>!  dilute  acetic  acid  and  filter.  Test 
this  filtrate  fm  proteose  rA\h  pini,  acid.  Is  any  proteose  present? 
Saturate  anuilur  portion  oi  Ibc  nlir[at  with  ammonium  sulphate  and 


test   for   pfpti 
peptone?     From  vuui 
are  your  ideas  rcgunlii 

2.  Preparation  of 
mortar  witli  sand.  '[' 
for  20  minutes.  Note 
praint  faintly  acidify  wi 
and  divide  the  filtrate 
follows : 

(a)  Iodine  Test. — To  50 
drops  of  iodine  solution  and  2-3 

'  Glyccigen  niaj-  also  be  prcpjarcd  irom  tl 
csrtMhydrati?  (lii:L  for  i-  i  davs  previously.     The  b 
tnUy  be  obtaiiieil  from  scallops. 


.■^cc  page  120).  Do  you  find  any 
"living"  and  "dead"  muscle  what 
li  muscle? 

fuw  oysters  or  scallops'  in  a 
ling  dish,  add  water,  and  boil 
:hi;  solution.    At  the  boiling- 
is  this  acid  added?    Filter, 
part  of  the  filtrate  as 

in  a  test-tube  add  5-10 
r  cent  sodium  chloride. 

imal  which  has  been  fed  a  hiRh 
glycogen  can,  however,  gen- 
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ti^ 


What  do  you  observe?    Is  this  amilar  to  the  iodine  test  upon  any  other 
body  with  which  we  have  had  to  deal? 

If  difSculty  is  experienced  in  securing  a  satisfactor>'  iodine  test  proceed 
as  follows:  Make  equal  volumes  of  glycogen  solution  add  in  reaction 
with  hydrochloric  add.  Boil  one  solution  to  hydrolyze  the  glycogen. 
Add  equal  volumes  of  iodine  solution  to  each  and  note  the  more  pro- 
nounced iodine  reaction  in  the  unhydrolyzed  solution. 
Aw     (A)  Reduction  Test. — Does  the  solution  reduce  Fehling's  solution? 

(c)  Hydrolysis  of  Glycogen. — Add  10  drops  of  concentrated  hydro- 
chloric acid  to  10  c.c.  of  the  solution  and  boil  for  10  minutes.  Cool  the 
solution,  neutralize  with  solid  potassium  hydroxide  and  test  with  Fehltng's 
solution.  Does  it  still  fail  to  reduce  Fehling's  solution?  If  you  find  a 
reduction  how  can  you  prove  the  identity  of  the  redudng  substance? 

(d)  Influence  of  Saliva.- — Place  5  c.c.  of  the  solution  in  a  test-tube, . 
add  5  drops  of  saliva  and  place  on  the  water-bath  at  40°  C,  for  10  minutes. 
Does  this  now  reduce  Fehling's  solution? 

To  the  second  part  of  the  glycogen  hltrate  add  3-4  volumes  of  95  per 
cent  alcohol.  Allow  the  glycogen  predpitate  to  settle,  decant  the  super- 
natant fluid,  and  filter  the  remainder.  Heat  the  glycogen  on  a  water- 
bath  to  remove  the  alcohol,  then  subject  it  to  the  following  tests: 

(a)  Solubility. — Try  its  solubility  in  the  ordinary  solvents. 

(6)  Iodine  Test. — Place  a  small  amount  of  the  glycogen  in  a  depression 
of  a  test-tablet  and  add  2-3  drnps  of  dikitf  iodine  solution  and  a  trace  of 
a  sodium  chloride  solution.     The  same  "ine-red  color  is  obserwd  as  in 
the  iodine  test  upon  the  glycogen  solution- 
Separation  of  Extractiwsfiaoa  Muscle. 


I.  Creatine.^ Dissolve 
of  meat  in  200  c 
stituents  by  neutral  lead  acetate, 
of  the  reagent.     Write  the  equal 
here.     Allow  the  precipitate 
of  lead  in  the  warm  ^trate 
soluUon  is  yet  warm,  evaporat 
stand  at  least  48  hours  in  a 
at  this  point.     E.vaminc  uni 
the  syrup  with  200  c.c. 
bring  all  soluble  materii 
have  been  dissolved  and' 
were  insoluble  in  thi 


extract 
norganic  con- 


add  an  excess 

ri  '■  'Mds   taking  place 

■■  I  novo  the  excess 

liltLT  while  the 

■  ij[i,  and  allow  it  to 

ul  creatine  should  form 

ig.  82,  page  257).     Treat 

well  with  a  glass  rod  to 

en  filter.     The  purine  bases 

filtrate,  whereas  the  creatine  crysttlf 

alcohol  and  remain  on  the  filter  pt 


Wash  the  crystals  with  88  per  cent  alcohol,  then  remove  them  a 
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them  into  solution  in  a  little  hot  water.  Decolorize  the  solution  by  animal 
charcoal  and  concentrate  it  to  a  smaU  volume.  Allow  the  solution  to 
cool  and  note  the  separation  of  colorless  crystals  of  creatine.  Examine 
these  crystals  under  the  microscope  and  compare  them  with  those  repro- 
duced in  Fig.  82,  page  257. 

2.  Hypoianthine. — Evaporate  the  alcoholic  filtrate  from  the  creatine 
to  remove  the  alcohol.  Make  the  solution  anunoniacal  and  add  am- 
moniacal  silver  nitrate  until  precipitation  ceases.  The  precipitate  con- 
sists principally  of  hyfoxanthine  silver  and  xarUkine  silver.  Collect  these 
silver  salts  on  a  filter  paper  and  wash  them  with  water.  Place  the  pre- 
cipitate and  paper  in  an  evaporating  dish  and  boil  for  one  minute  with 
nitric  acid  having  a  specific  gravity  of  i.i.    Filter  while  hot  through  a 


FlO.    84. HyPOXANTRINC    StLVEB   NiTSATE. 

(Drawn  (rom  a  student  preparation  by  Mr.  E.  F.  Hirsch.) 

double  paper,  wash  with  the  same  strength  of  nitric  acid  and  allow  the 
solution  to  cool.  By  this  treatment  with  nitric  acid  kypoxanlhine  silver 
nitrate  and  xanthine  silver  nitrate  have  been  formed.  The  former  is 
insoluble  in  the  cold  solution  and  separates  on  standing.  After  standing 
several  hours  filter  oS  the  hypoxanthine  silver  nitrate  and  wash  with 
water  until  the  wash-water  is  only  shghtly  acid  in  reaction.  Examine 
the  crystals  of  hypoxanthine  silver  nitrate  under  the  microscope  and 
compare  them  with  those  in  Fig.  84,  above.  Now  wash  the  crystals 
from  the  paper  into  a  beaker  witii  a  little  water  and  warm  the  liquid. 
Remove  the  silver  *™  ^  ^"osen  sulphide  and  filter.  By  this  means 
Ay^MCOMiM  d  and  is  jmient  is  tlu;  filtrate.    Con- 

<*  render  the 
remove 


DigitizGd  by  Lj OOQ IC 


266  PHYSIOLOGICAL  CHEIUSTSY 

the  free  ammonia,  filter,  concentrate  the  filtrate  to  a  small  volume  and 
allow  it  to  stand  in  a  cool  place.  Hjpozanthlne  should  cr^-stallize  in 
small  colorless  needles.    Examine  the  ci>-stals  under  the  microscope. 

3-  Yatithtn^ — To  the  filtrate  from  the  above  experiment  containing 
the  xanthine  silver  niirate  add  ammonia  in  excess.  (The  cr^-stalline  form 
of  xanthine  silver  nitrate  is  shown-in  Fig.  85,  below.)  A  brownish-red 
precipitate  of  xanthine  silver  forms.  Treat  this  suspended  prec^ntate 
with  hydrogen  sulphide  (do  not  use  an  excess  of  hydrogen  sulphide), 
warm  the  mixture  for  a  few  moments  and  filter  while  hot.    Concentrate 


Fid.  85  — Xantkike  Silv 


the  filtrate  to  a  small  volume  and  put  away  in  a  cool  place  for  crystaUi- 
zation  (Fig.  83,  p.  258).  To  obtain  xanthine  in  crystalline  form  ^edal 
precautions  are  generally  necessary.  Evaporate  the  solution  to  dryness. 
Make  the  following  tests  on  the  crystals  or  residue: 

(a)  Xanthine  jTm^.— Place  about  one-half  of  the  crystalline  or  amor- 
phous material  in  a  small  evaporating  dish,  add  a  few  drops  of  concen- 
trated nitric  acid  and  evaporate  to  dryness  very  carefully  on  a  water-bath. 
The  yellow  residue  upon  moistening  with  caustic  potash  becomes  red  in 
color  and  upon  further  heating  assumes  a  purplish-red  hue.  Now  add  a 
few  drops  of  water  and  warm.  In  this  way  a  yellow  solution  results 
which  yields  a  red  residue  upon  evaporation.  How  does  this  differ  from 
the  Murexide  test  upon  uric  acid? 

(b)  Wcidel's  Reaction— By  gently  heating  bring  the  remainder  of  the 
xanthine  crystals  or  residue  into  solution  in  bromine-water.  Evaporate 
the  solution  to  tirynoss  on  a  water-bath.  Remove  the  stopper  from  an 
ammonia  boUlc  and  by  blowing  across  the  mouth  of  the  bottle  direct  the 
fumes  of  ammonia  so  that  they  come  in  contact  with  the  dry  residue. 
Under  these  conditions  the  presence  of  xanthine  is  shown  by  the  red 
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assuming  a  red  color.  A  somewhat  brighter  color  may  be  obtained  by 
u^g  a  trace  of  nitric  acid  with  the  bromine-water.  By  the  use  of  this 
modification,  however,  we  may  get  a  positive  reaction  with  bodies  other 
than  xanthine. 

HiiETHtE's  Experiment. 

Tease  a  very  small  piece  of  frog's  muscle  on  a  microscopical  slide. 
Expose  the  slide  to  ammonia  vapor  for  a  few  moments,  then  adjust  a 
cover  glass,  and  examine  the  muscle  fibers  under  the  microscope.     Note 
the  large  number  of  crystals  of  ammonium  magnesium  phosphate,  dis- 
NHi-O 
\ 
Mg-0~P=0 
\/ 
O 

tributed  everywhere  throughout  the  muscle  fiber,  thus  demonstrating 
the  abundance  of  phosphates  and  magnesium  in  the  muscle  (Fig.  loi, 
page  319). 
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I;  ''' — ■T  *ith  tie  other  sc-iii  s^sms  o£  ie  bcoy.  aavou5  tissue 
.--r-»r--t  i  lirz»  in-iuT.:  c:  ^ater.  The  perceniize  of  water  iHesent 
iec«=iii  ^■'.c:  :!■;  zardculir  :cr=:  ci  aerv*oui  tissue  bu:  ia  dli  ftxms  it  is 
izviriiitv  zreater  i:i  the  zny  cLitter  thin  is  the  white.  Embnxmic 
n^.--,'ii  tii?;es  i^:  ■'  r'-"-"  i  lirser  penreEtiie  of  water  than  the  tisues 
•'A  a.iult  Hi.  Tzc  zray  natter  or  the  br^iin  o:  the  fxir^s.  for  instance, 
a^cZiizs  i't'.'-t  z:  p-er  cent  •:i  water,  whereji  the  pay  c^ittef  of  the  Ivain 
ci  the  id'iL.'.  -rr-i---  b'-t  ?^-^a  per  cent  i-f  the  ^uic. 

A=:';iLe  '.he  =.;L:-i  cccstituenti  o:  nervotis  tissue  an?  9r<KnfU,  db»- 
U-l/fTT*.  :eTKr,j:iit-  cerebrin,  etc.  .  rfi.i;««,  «ri:.'i>.  r»..>ij<ri7«  ./-.  ^va- 
■iitif.jif.-sj/.'^;.  Kuclfi^.  Kfur.-'iiTz::K.  iV.Vvjrt.  «ffj^:i^ir-',  and  tavrjoiMC 
j^';:.  T*:ii;  p-r-.teini  ire  present  in  the  ^atest  arr,cunt  and  comimse 
abc't:  •■-  ter  -tetit  -.:'  the  t-ital  ioiics^  Three  cistinct  prcieins.  two  globa- 
Saa.  an<l  a  z-.:ie!:pr:te£t:.  have  been  is^'latevi  :rc~  ner\0i3  tissue.  The 
^h'^lir^  o',a*-^te  at  ±-'  C  and  7^^-75'  C.  res>ectively,  while  the 
ar^iclai-.ZT-.'A-  xarilates  at  fc—cc'  C  Thij  nuclecprotein  contains 
aiyj^:  -  -  r,*;r  cer.t  ■::"  phc-s-homs  Ha".:b'artor.,  Levece  .  Xeni-ous 
u^-<:a  U  v.rr.p'.'sefi  ::  a  relatively  larp?  quantity  o:  a  variety  of  com- 
p«",ur.«i-,  Tfhxh  v-ilaitively  may  be  sroupevt  under  the  term  "lipoid" — 
jGr,*'ar..-^i  .-«err.',lir:z  the  tats  in  some  o:  their  physical  properties  and 
TVt.:''..-.r.--.  :•.:  iiitin:t  in  their  cv.'n-.p*.^;i«.'n.     We  will  class  cholesterol. 

T'-^  -.  .r.v.t-triti.n::  l:r:iii?  or.'jf;n,*-  is  assuntini:  added  isjportance. 
Tl-.t^»'.  v--.-.tar.'..-r:  ;:nstitute  one  of  the  iwo  i:reat  iTOu;^  of  tissue  ctl- 
>/>f.  '.-.r-.  i-.t.^lns  t-rinz  the  rer.-.air.ini:  itn^'up.  S^'  far  as  stnicture  and 
■-r.i^.-.;iV!.,  T-r  .c-crit^  izt  v.:ncerni\i  the  varU^us  classes  0:  ll^ii*  are  entirely 

1':.^.  i"--P  "--  ^'■■■^:'--'^i2eS  'z:s  arr  vct\-  i~ixT;ant  vvn~:ituenls  ot 
rjtT-.",';i  ti.;4-;*.  The  best  known  n'.en'.lvrs  of  :h;*  croup  are  leicUlam, 
^r,'y.iiyr.  >  ir.i  \-:f-:z'.\K.  Livithin  ix\-urf  in  Ijr^er  an-.ount  than 
th.*  tthrrr  tn-entbers  ■;:  the  i;roup,  has  b*.xn  ~oti-  thorv-uirriy  studied 
than  th-:  .the:^  ani  is  app.iren:;y  of  ctivit-or  i"-tx'r:anoe.  Vpon  deocm- 
poiititn  Irdthin  jielcs  •j::;.   -\:J.  ;.■-.;■»,■-  '":o.«;"K-*-.v  jo:J.  and  chottme. 
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Each  lecithin  molecule  contains  two  fatty  add  radicals  which  may  be 
those  of  the  same  or  different  fatty  acids.  Thus  we  have  different 
lecithins  depending  upon  the  particular  fatty  acid  radicals  which  are 
present  in  the  molecule.  The  formula  of  a  typical  lecithin  would  be 
the  following. 

CHiO~C,7H„CO 

I 

CHO  — CiiHmCO 

I 
CH,0— PO— O.CiH, 

\ 
{CHa)3--N 

/ 

OH  HO 

This  lecithin  would  be  called  distearyl-lecithin  or  choline-distearyl- 
glycero-pftosphoric  acid.  Upon  decomposition  the  molecule  spUts  accord- 
ing to  the  following  reaction: 


The  lecithins  are  not  conlined  to  the  nervous  tissues  but  are  found  in 
nearly  all  animal  and  vegetable  tissues.  Lecithin  is  a  primary  con- 
stituent of  the  cell.  It  is  soluble  in  chloroform,  ether,  alcohol,  benzene, 
and  carbon  disulphide.  The  chloroform  of  alcohol-ether  solution 
may  be  precipitated  by  acetone.  Lecithin  may  be  caused  to  crystal- 
lize in  the  form  of  small  plates  by  cooling  the  alcohohc  solution  to  a 
low  temperature.  It  has  the  power  of  combining  with  acids  and  bases, 
and  the  hydrochloric  acid  combination  has  the  power  of  forming  a 
double  salt  with  platinic  chloride. 

Choline,  as  was  indicated  above,  is  one  of  the  decomposition  prod- 
ucts of  lecithin.  It  is  trimetkyl-oxyethyl-ammonium  hydroxide  and 
has  the  following  formula: 

CH,.CHi(OH) 
/ 
N      (CHa), 

\ 
OH 

Recent  researches  have  shown  that  great  importance  is  to  be  attached 
to  the  detection  of  choline  in  the  ccrebro-spinal  fluid  and  the  blood  in 
certain  cases  of  degenerative  disease  of  the  nervous  system.  In  this 
connection  tests  for  choline  (see  p.  273)  arc  of  interest  and  value. 

Protagon,  another  nitrogenous  phosphorized  substance,  is  a  body 
over  which  there  has  been  much  discussion.     Upon  decomposition  it 


DigitizGd  by  Lj OOQ IC 


270  PHYSIOLOGICAL   CHEUI5TRY 

is  said  by  some  investigators  to  yield  cerebrin  and  the  decomposition 
products  of  ledthin.  It  has  been  shown  by  Posner  and  Gies'  as  well 
as  by  Rosenheim  and  Tebb'  that  protagon  is  a  mixture  and  has  no  exist- 
ence as  a  chemical  individual.  Koch*  very  recently  reported  data 
obtained  from  purified  preparations  which  indicate  that  protagon  con- 
tains at  least  three  substances:  "a  phosphatide  containing  cholin,  & 
cerebroside  containing  sugar,  a  complex  combination  of  a  cholin-free 
phosphatide  with  a  cerebroade  to  which  an  ethereal  sulphuric  acid 
group  is  attached."  On  the  basis  of  his  data,  he  believed  the  term 
protagon  to  have  no  chemical  significance.  He  proposed  the  term  sul- 
phatide.     Koch's  preparation  analyzed  as  follows  (per  cent) : 

Choline  Sugar  Nitrogen      Phosphorus       Sulphur 

i.o  12.0  2.3  1.7  1.9 

He  suggested  the  following  structure; 
O 

Phosphatide —  0 — S^O — Cerebroside 

grouping  1  grouping 

O 

Kephalin  is  the  third  member  of  the  group  of  phosphorized  fats. 
It  is  precipitated  from  its  acetone-ether  extract  by  alcohol.  It  contains 
about  4  per  cent  of  phosphorus  and  has  been  given  the  formula  C^JH■^r 
NPOu-    Kephalin  may  be  a  stage  in  lecithin  metabolism. 

The  cerebrosides  are  substances  containing  nitrogen  but  no  phos- 
phorus, and  are  important  constituents  of  the  white  matter  of  nervous 
tissue.  Certain  ones  have  also  been  found  in  the  spleen,  pus,  and  in  egg 
yolk.  They  may  be  extracted  from  the  tissue  by  boiling  alcohol  and  are 
insoluble  in  cold  alcohol,  cold  and  hot  ether,  and  in  water  and  dilute 
alkalis.  The  cerebroside  termed  cerebrin  is  a  mixture  containing  phre- 
nosin  (pseudo-cerebrin  of  cerebron),  a  body  yielding  the  carbohydrate 
galactose  on  decomposition. 

Cholesterol,  one  of  the  primary  cell  constituents,  is  present  in  fairly 

large  amount  in  ner\'ous  tissue.     It  is  a  mon-atomic  alcohol  containing 

at  least  one  double  bond  and  possesses  the  formula  Cs7H4iOH  or  C17- 

H43OH.    There  is  still  some  uncertainty  as  to  the  exact  structure  of 

cholesterol.     It  may  possess  a  terpene  structure.     It  was  formerly  called 

a  " non-saponiliable  fat"  but  since  it  is  not  changed  in  any  way  by 

boiling  alkalis  it  is  not  a  fat.     It  is  soluble  in  ether,  chloroform,  benzene, 

and  hot  alcohol.     It  crystallizes  in  the  form  of  thin,  colorless,  trans- 

'  Posner  anil  Gies:  Journal  of  Bialogiciil  Ckemistry,  i,  sg,  1005-0. 
•  Rosi-nhcim  and  Tebb:  Journal  of  Physiology,  36  and  3;,  iqQ7-8, 
'  Koch:  Joiirniil  of  Biologiml  Chmtislry,  11,  March.  191 2.  Proccedinjis. 
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parent  plates  (Fig.  43,  p.  166).  Cholesterol  occurs  abundantly  in 
one  form  of  biliary  calculus.  It  has  also  been  found  in  feces,  wool 
tat,  egg  yolk,  and  milk,  frequently  in  the  form  of  its  esters  of  higher 
fatty  adds.  It  is  generally  believed  that  the  cholesterol  present  in  the 
animal  body  has  its  origin  in  the  vegetable  kingdom.  However  evidence 
has  recently  been  submitted'  indicating  a  synthesis  of  cholesterol  imder 
certain  conditions  in  the  animal  body. 

Paranucleoprotagon  is  a  phosphorized  substance  originally  isolated 
from  brain  tissue  by  Ulpiani  and  LelU  and  recently  reinvestigated  by 
Steel  and  Gies.    It  is  said  to  possess  lecithoprotein  characteristics. 

Nervous  tissue  yields  about  i  per  cent  of  ash  which  is  made  up  in 
great  part  of  alkaline  phosphates  and  chlorides. 

Experiments  on  the  Lipoids  of  Nervous  Tissue.* 

1.  Preparation  of  Lecithin.— Treat  the  macerated  brain  of  a  sheep 
with  ether  and  allow  it  to  stand  in  the  cold  for  48-72  hours.  The  cold 
ether  will  extract  lecithin  and  cholesterol.  Filter  and  add  acetone  to 
the  filtrate  to  precipitate  the  lecithin.  Filter  off  the  lecithin  and  test 
it  as  follows: 

(a)  Microscopical  Examination. — Suspend  a  small  portion  in  a  drop 
of  water  on  a  slide  and  examine  under  the  microscope. 

(6)  Osmic  Acid  Test.— Treat  a  small  portion  with  osmic  acid.  What 
happens? 

(c)  Acrolein  Test. — Make  the  acrolein  test  according  to  directions 
on  page  143. 

((f)  "Fusion"  Test  for  Phosphorus. — Place  some  of  the  lecithin  pre- 
pared above  in  a  small  porcelain  crucible,  add  a  suitable  amount  of  a 
fusion  mixture  composed  of  potassium  hydroxide  and  potassium  nitrate 
(5:1)  and  heat  carefully  utAiX  the  resulting  mixture  is  colorless.  Cool, 
dissolve  the  mass  in  a  little  warm  water,  acidify  with  nitric  add,  heat 
to  boiling,  and  add  a  few  cubic  centimeters  of  molybdic  solution.  In 
the  presence  of  phosphorus  a  yellow  precipitate  forms.    What  is  it? 

2.  Preparation  of  Cholesterol.— Place  a  small  amount  of  macer- 
ated brain  tissue  under  ether  and  stir  occasionally  for  one  hour.  Filter, 
evaporate  the  filtrate  to  dryness  on  a  water-bath,  and  test  the  cholesterol 
according  to  directions  given  below.     (If  it  is  desired,  the  ether  extract 

'  Klein;  Biocliem.  Zeil..  30,  46s,  1910. 

'  Pteparation  of  So-called  Prolagon. — JIaccrale  the  braLn  uf  a  sheep,  treat  «ith  85  per 
cent  alcohol  and  warm  on  a  water-bath  at  45°  C,  for  two  hours,  rilter  hoi  into  a  botUe  or 
itrong  flask  and  cool  to  0°  C.  for  one-half  hour  by  means  of  a  freezing  mixture.  Ry  this  pro- 
cedure both  protaeon  and  cholesterol  are  causeil  to  predpilalc.  Filler  the  cold  solution 
rapidly  and  treat  the  precipitate  on  the  paper  ivith  ice  cold  ether  to  dis-solve  out  the  choles- 
Iciol.  The  protagon  may  now  be  redissolved  in  warm  85  per  cent  alcohol  from  which  solu- 
tioD  it  will  precipitate  upon  cooling. 
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from  the  so-called  pratagon,  or  the  ether-acetone  filtrate  from  the  lecithin 
may  be  used  for  the  isolation  of  cholesterol.  In  these  cases  it  is  simply 
necessary  to  evaporate  the  solution  to  dryness  on  a  water-bath.)  Upon 
the  cholesterol  prepared  by  either  of  the  above  methods  make  the  fol- 
lowing tests: 

(a)  Microscopical  Examination. — Examine  the  crystals  under  the 
microscope  and  compare  them  with  those  in  Fig,  43,  page  166. 

(A)  Iodine-sulphuric  Acid  Test.— Vlnce  a  few  crystals  of  cholesterol 
in  one  of  the  depressions  of  a  test-tablet  and  treat  with  a  drop  of  concen- 
trated sulphuric  acid  and  a  drop  of  a  very  dilute  solution  of  iodine.  A 
play  of  colors,  consisting  of  violet,  blue,  green,  and  red,  results. 

(c)  The  Liebermattn-Burchard  Test. — Dissolve  a  few  crystab  of 
cholesterol  in  2  c.c.  of  chloroform  in  a  dry  test-tube.  Now  add  10  drops 
of  acetic  anhydride  and  r-3  drops  of  concentrated  sulphuric  acid.  The 
solution  becomes  red,  then  blue,  and  finally  bluish-green  in  color. 

(d)  Salkou'sH's  Test. — Dissolve  a  few  crystals  of  cholesterol  in  a 
little  chloroform  and  add  an  equal  volume  of  concentrated  sulphuric 
add.  A  play  of  colors  from  bluish-red  to  cherry-red  and  purple  is 
noted  in  the  chloroform,  while  the  acid  assumes  a  marked  green 
fluorescence. 

(e)  Schiffs  Reaction. — To  a  little  cholesterol  in  an  evaporating  dish 
add  a  few  drops  of  Schiff's  reagent.'  Evaporate  to  dryness  over  a  low 
flame  and  observe  the  reddish-violet  residue  which  changes  to  a  bluish- 
violet. 

if)  Phospfwrus. — Test  for  phosphorus  according  to  directions  given 
on  page  271.    Is  phosphorus  present? 

3.  Preparation  of  Cerebrin. — Treat  the  macerated  brain  tissue, 
in  a  flask,  with  95  per  cent  alcohol  and  boil  on  a  water-bath  for  one- 
half  hour,  keeping  the  volume  constant  by  adding  fresh  alcohol  as  needed. 
Filter  the  solution  hoi  and  stand  the  cloudy  filtrate  away  for  twenty-four 
hours.  (If  the  filtrate  is  not  cloudy  concentrate  it  upon  the  water-bath 
until  it  is  so.)     Filter  off  the  cerebrin  and  test  it  as  follows; 

(a)  Microscopical  Examination. — Suspend  a  small  portion  in  a 
drop  of  water  on  a  slide  and  examine  under  the  microscope. 

(i)  Solubility.— Try  the  solubility  of  cerebrin  in  the  usual  solvents 
and  in  hot  and  cold  alcohol  and  hot  and  cold  ether. 

(c)  Pkosphoriis.—Tcii  for  phosphorus  according  to  directions  on 
page  371.     How  does  the  result  compare  with  that  on  lecithin? 

{d)  Place  a  little  cerebrin  on  platinum  foil  and  warm.  Note  the 
odor. 

'  SchilT's  reaKi'nl  cimsisls  of  a  mislure  of  three  vulumes  of  concentrated  sulpburic  aod 
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(e)  Hydrolysis  of  Cerebrin. — Place  the  remaining  cerebrin  in  a  small 
evaporating  dish,  add  equal  volumes  of  water  and  dilute  hydrochloric 
add,  and  boil  for  one  hour.  Cool,  neutralize  with  solid  potassium 
hydroxide,  filter,  and  test  with  Fehling's  solution.  Is  there  any  reduc- 
tion, and  if  so  how  do  you  explain  it? 

4.  Tests  for  Choline,  (a)  Rosenheim's  Periodide  Test. — Prepare 
an  alcoholic  extract  of  the  fluid  under  examination,  and  after  evapora- 
tion, apply  Rosenheim's  iodo-potassium  iodide  solution'  to  a  Uttle  of_the 
residue.  In  a  short  time  dark  brown  plates  and  prisms  of  choline  per- 
iodide begin  to  form  and  may  be  detected  by  means  of  the  microscope. 
Occasionally  they  are  large  enougli  to  be  visible  to  the  naked  eye.  They 
somewhat  resemble  crystals  of  hxmin  (see  p.  211),  If  the  sUde  be  per- 
mitted to  stand,  thus  allowing  the  fluid  to  evaporate,  the  crystals  will 
disappear  and  leave  brown  oily  drops.  They  will  reappear,  however, 
upon  the  addition  of  fresh  iodine  solution,  v.  StanSk  claims  that  this 
choline  compound  has  the  formula  CjHuNOI.Ig. 

(6)  Rosenheim's  Bismuth  Test. — Extract  the  fluid  under  examination 
with  absolute  alcohol,  evaporate,  and  re-extract  the  residue.  Repeat 
the  extraction  several  times.  Dissolve  the  final  residue  in  2-3  c.c.  of 
water  and  add  a  drop  of  Kraut's  reagent.^  Choline  is  indicated  by  the 
appearance  of  a  bright  brick-red  precipitate. 

'  Prepared  by  dissolving  2  grams  oF  iodine  and  fi  grams  of  potassium  iodide  \a  too  c.c. 
water. 

■  Dissolve  173  grams  o(  potassium  iodide  id  water  and  add  80  Riams  of  bismuth  sub- 
nitrate  dissolved  in  300  grams  of  nitric  acid  (sp.  gr.  i.iS).  Permit  tlic  potassium  nitrate  to 
ciystalliie  out,  then  ^ter  it  oS  and  make  the  filtrate  up  to  i  liter  u-itb  water. 
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DRINE:  GENERAL  CHARACTERISTICS  OF  NORMAL  AND 
PATHOLOGICAL  URINE. 

^-Vohime.^ — The  volume  of  urine  excreted  by  nonnal  individuals 
during  any  definite  period  fluctuates  within  very  wide  limits.  The 
average  output  for  twenty-four  hours  is  placed  by  German  writers 
between  1500  and  2000  c.c.  This  value  is  not  strictly  applicable  to  con- 
ditions in  America,  however,  since  it  has  been  found  that  the  average 
normal  excretion  of  the  adult  male  American  falls  within  the  lower 
values  of  1000-1200  c.c.  The  volume-excretion  is  influenced  greatly 
by  the  diet,  particularly  by  the  ingesdon  of  f  uids. 

Certain  pathological  conditions  cause  the  output  of  urine  for  any 
defimte  period  to  depart  very  decidedly  from  the  normal  output.  Among 
the  pathological  conditions  in  which  the  volume  of  urine  is  increased 
above  normal  are  the  following:  Diabetes  mellitus,  diabetes  insipidus, 
certain  diseases  of  the  nervous  system,  contracted  kidney,  amyloid 
degeneration  of  the  kidney,  and  in  convalescence  from  acute  diseases  in 
general.  Many  drugs  such  as  calomel,  digitalis,  acetates,  and  salicylates 
also  increase  the  volume  of  the  urine  excreted.  A  decrease  from  the 
normal  is  observed  in  the  following  patholo^cal  conditions:  Acute 
nephritis,  diseases  of  the  heart  and  lungs,  fevers,  diarrhoea,  and  voraitiM/ 

Color.— Normal  urine  ordinarily  possesses  a  yellow  tint,  the  d^th 
of  the  color  being  dependent  in  part  upon  the  density  of  the  fluid.  The 
color  of  normal  urine  is  due  principally  to  a  pigment  called  urochrome: 
traces  of  htemato porphyrin,  urobilin,  and  uroerytkrin  have  also  been 
detected.  Under  pathological  conditions  the  urine  is  subject  to  pro- 
nounced variations  in  color  and  may  contain  many  varieties  of  pigments. 
Under  such  circumstances  the  urine  may  var}-  in  color  from  an  ex- 
tremch-  light  yellow  to  a  %'ery  dark  brown  or  black.  Vogel  has  con- 
structed a  color  chart  which  is  of  some  value  for  purposes  of  comparison. 
The  nature  and  origin  of  the  chief  variations  in  the  urinarj-  color  are  set y 
forth  in  tabular  form  bv  Halliburton  as  follows:  / 
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Cause  of  Coloration.  Pathological  Condition. 


'  Nervous  conditions:  hy- 
;  druria.  diabetes,  insipidus, 
I    granular  kidney. 


j  Increase    o[    normal,    or    oc- 
I    currcnce  of  pathological,  pig- 


Milky I  Fat  globules. . 


Acute  febrile  diseases. 


Orange '.|  Excreted  drugs I  Santonin,  crysophanic  add. 


Brown  to  brown-blaclt Ha^matin |  Small  haimorrhages. 


.    Methiemogtobinuria, 


Melanin Melanotic 

.  Hydrochinon  and  catechol i  Carbolic-acid  poisoning. 


Dirty  green'  or  blue '  A  dark-blue  scum  on  surface,  \  Cholera,  typhus;  seen  espe- 

I    with  a  blue  deposit,  due  to  an  i    daily   when   the   urine   is 
;    excess  of  indigo-forming  sub-  |    putrefying. 

ftrown-yellow  10  red-brown,  ,  Substances  contained  in  senna, 
becoming  blood-red  upon  I  rhubarb  and  chelidonium 
adding  alkalis.  '    which  are  introduced  into  the 


Transparency. — Nonnal  urine  is  ordinarily  prefectly  clear  and 
transparent  when  voided.  On  standing  for  a  variable  time,  however,  a 
cloud  (nubecula)  consisting  principally  of  nucleoprotein  or  mucoid  (see 
p.  308)  and  epithelial  cells  forms.  A  turbidity  due  to  the  precipitation  of 
phosphates  is  normally  noted  in  urine  passed  after  a  hearty  meal.  The 
urine  obtained  2-3  hours  after  a  meal  or  later  is  ordinarily  free  from 
turbidity.  Permanently  turbid  urines  ordinarily  arise  from  pathological 
conditions. 

Odor. — The  odor  of  normal  urine  is  of  a  faint,  aromatic  type.  The 
bodies  to  which  this  odor  is  due  are  not  well  known,  but  it  is  claimed  by 
some  investigators  to  be  due,  at  least  in  part,  to  the  presence  of  minute 
amoimts  of  certain  volatile  organic  acids.     When  the  urine  undergoes 

'  Thisdirty  green  or  blue  color  also  occurs  after  the  use  of  methylene  blue  in  the  organism. 
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decomprosition,  e.  g.,  in  alkaline  fermentation,  a  verj-  unpleasant  ammoni- 
acal  odor  is  evolved.  All  urines  are  subject  to  such  decomposition  if  al- 
lowed to  stand  for  a  sufficiently  long  time.  Under  normal  conditions  the 
urine  very  often  possesses  a  peculiar  odor  due  to  the  ingestion  of  some 
certain  drug  or  vegetable.  For  instance,  cubebs,  copaiba,  m>Ttol,  saffron, 
tolu,  and  turpentine  each  imparts  a  somewhat  specific  odor  to  the  uiine. 
After  the  ingestion  of  asparagus,  the  urine  also  possesses  a  typical  odor. 

Frequency  of  UrinatioiL — The  frequency  of  urination  varies  greatly 
in  different  indi\'iduals  but  in  general  is  dependent  upon  the  amount  of 
fliiid  in  the  bladder.  In  pathological  conditions  an  inflammatory  affec- 
tion of  the  urinary  tract  or  any  disturbance  of  the  innervation  of  the 
bladder  will  influence  the  frequency.  Affections  of  the  spinal  cord  which 
lead  to  an  increased  irritabiUty  of  the  bladder  or  a  weakening  of  the 
sphincter  will  result  in  increasing  the  frequency  of  urinalioa. 

ReactioiL — The  mixed  twenty-four  hour  urinary  excretion  of  a 
normal  indi\'idual  ordinarily  possesses  an  acid  reaction  to  litmus.  This 
acidity  is  now  believed  to  be  due  to  the  presence  of  various  addic  radicals 
and  not  to  the  presence  of  sodium  di-kydrogen  phosphate  as  was  formerly 
held  (see  Phosphates,  p.  317).  This  conclusion  is  reinforced  by  the 
observation  that  urine  may  be  divided  into  two  portions,  one  part  con- 
sisting almost  entirely  of  inorganic  matter,  including  practically  all  of 
the  phosphates  and  having  an  alkaline  reaction,  the  other  containing 
practically  all  of  the  organic  substances  and  no  phosphates  and  having 
an  acid  reaction.  The  acidity  imparted  to  the  urine  by  any  particular 
acid  depends  entirely  upon  the  extent  to  which  the  add  is  dissodable, 
since  it  is  the  hydrogen  ion  which  is  responsible  for  the  add  reaction. 

The  composition  of  the  food  is  perhaps  the  most  important  factor 
in  determining  the  reaction  of  the  urine.  The  reaction  ordinarily  varies 
considerably  according  to  the  time  of  day  the  urine  is  passed.  For 
instance,  for  a  variable  length  of  time  after  a  meal  the  urine  may  be 
neutral  or  even  alkaline  in  reaction  to  litmus,  oning  to  the  daim  of  the 
gastric  juice  upon  the  acidic  radicals  to  further  the  formation  of  hydro- 
chloric acid  for  use  in  carrying  out  the  digestive  sccretorj'  function.  This 
change  in  reaction  is  known  as  the  alkaline  tide  and  is  common  to  i>er- 
fectly  healthy  indi\'iduals.  The  urine  may  also  become  temporarily 
alkaline  in  reaction  to  litmus,  as  the  result  of  ingesting  alkaline  car- 
bonates or  certain  salts  of  tartaric  and  citric  acids  which  may  be  trans- 
formed into  carbonates  within  the  organism.  Normal  urine  upon  stand- 
ing for  some  lime  becomes  alkahne  in  reaction  to  litmus,  owing  to  the 
inception  of  alkaline  or  ammoniacal  fermentation  through  the  agency  of 
micro-organisms.  This  fermentation  has  no  especial  diagnostic  value 
except  in  cases  where  the  urine  has  undergone  this  change  within  the 
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crganism  and  is  voided  in  the  decomposed  sta,te.  Ammoniacal  fermenta- 
tion is  ordinarily  due  to  cystitis  or  occurs  as  the  result  of  infection  in  the 
process  of  catheterization.  A  microscopical  examination  of  such  urine 
(Fig.  86,  below)  shows  the  presence  of  ammonium  magnesium  phosphate 
crystals,  amorphous  pkosphaies,  and  not  mfrequently  ammonium  urate. 


I,  Acid  ai 


Fig.  86. — Deposit  11 


Occasionally  a  urine  which  possesses  a  normal  acidity  when  voided, 
upon  standing  instead  of  undergoing  ammoniacal  fermentation  as  above 
described  will  become  still  more  strongly  acid  in  reaction.  Such  a 
phenomenon  is  termed  acid  fermentation.     Accompanying  this  increased 


acidity  there  is  ordinarily  a  deepening  of  the  tint  of  the  urinary  color. 
Such  urines  may  contain  acid  urates,  uric  acid,  fungi,  and  calcium  oxalate 
(Fig.  87,  above).  On  standing  for  a  sufficiently  long  time  any  urine 
which  exhibits  add  fermentation  will  ultimately  change  in  reaction. 
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due  to  the  inception  of  alkaline  fermentation,  and  will  show  the  micro- 
scopical deposits  characteristic  of  such  a  urine. 

Specific  Gravi^. — The  specific  gravity  of  the  urine  of  normal  indi- 
viduals varies  ordinarily  between  1.Q15  and  1.025.  This  value  is  sub- 
ject to  wide  fluctuations  under  various  conditions.  For  instance,  fol- 
lowing copious  water-  or  beer-drinking  the  specific  gravity  may  fall  to 
1.003  o'^  lower,  whereas  in  cases  of  excessive  perspiration  it  may  rise 
as  high  as  1.040  or  even  higher.  Where  a  very  accurate  determination 
of  the  spiecific  gravity  is  desired  use  is  commonly  made 
of  the  pyknometer  or  of  the  Westphal  hydroslatic  balance. 
These  instruments,  however,  are  not  suited  for  clinical 
use.  The  clinical  method  of  detennining  the  spedfic 
gravity  is  by  means  of  a  uHnomeler  (Fig.  88).  This 
affords  a  very  rapid  method  and  at  the  same  time  is 
sufficiently  accurate  for  clinical  purposes. .  The  urin- 
ometer  is  always  calibrated  for  use  at  a  specific  tem- 
perature and  the  observations  made  at  any  other  tem- 
rV  perature  must  be  subjected  to  a  certain  correction  to 

obtain  the  true  specific  gravity.    In  making  this  cor- 
rection one  unit  of  t/ie  last  order  is  added  to  the  ob- 
served specific  gravity  for  every  three  degrees  abcw  the 
normal  temperature  and  subtracted  for  every  three  de- 
grees below  the  normal  temperature.    For  instance,  if 
in  using  a  urinometer  cahbrated  for  15°  C.  the  specific 
gravity  of  a  urine  having  a  temperature  of  21°  C.  is 
determined  as  1.018  it  is  necessary  to  add  to  the  ob- 
served specific  gravity  two  units  of  the  third  order  to  ob- 
tain the  real  specific  gravity  of  the  urine.     Therefore  the 
\  true  specific  gravity,  at  15°  C,  of  a  urine  having  a  specific 
^'^^^^'^^^-^^  gravity  of  1.018  at  21°  C,  is  i.oi8-j-o.oo2  =  1.020. 
Fig.  88.— Uhin-        Pathologically,  the  specific  gravity  may  be  subjected 

OKETElt    AKDCYL-  .,  '.       .  _,  .       .  .     ,,  .         ,. 

iNOEx.  to  very  wide  vanations.     ihis  is  espeaally  true  m  dis- 

eases of  the  kidneys.  In  acute  nephritis  ordinarily  the 
urine  is  concentrated  and  of  a  high  specific  gravity,  whereas  in  chronic 
nephritis  the  reverse  conditions  are  more  apt  to  prevail.  In  fact,  imder 
most  conditions,  whether  physiological  or  pathological,  the  specific 
gravity  of  the  urine  is  inversely  proportional  to  the  volume  excreted. 
This  is  not  true  of  diabetes  mellitus,  however,  where  the  volume  of 
urine  is  large  and  the  specific  gravity  is  also  high,  owing  to  the  sugar 
contained  in  the  urine. 

The  amount  of  solids  eliminated  in  the  excretion  for  twenty-four 
hoiu%  may  be  roughly  calculated  by  means  of  Long's  cajtcient,  i.  e.,  >-*■ 
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The  solid  content  of  1000  c.c.  of  urine  is  obtained  by  multiplying  the 

last  two  figures  of  the  specific  gravity  observed  at  25°  C.  by  2.6.    To 

determine  the  amount  of  solids  excreted  in  twenty-four  hours  if  the 

volume  was  11 20  c.c.  and  the  specific  gravity  was  1.018  the  calculation 

would  be  as  follows: 

(o)  r8X2.6=46.8  grams  of  solid  matter  in  1000  c.c.  of  urine. 

,,,  46.8X1120  f     1-j       ..     ■  I     ■ 

{0)  =52.4  grains  of  solid  matter  m  1120  c.c.  of  urme. 

The  coefficient  of  Haser  (2.33)  which  has  been  in  use  for  years  prob- 
ably gives  values  that  are  inaccurate  for  conditions  existing  in  America. 
This  coefficient  was  calculated  on  the  basis  of  the  specffic  gravity  deter- 
mined at  a  temperature  of  15°  C.  ^^ 

Freezing-point  (Cryoscopy). — The  freezing-point  of  a  solution  de- 
pends upon  the  total  number  of  molecules  of  solid  matter  dissolved  in 
it.  The  determination  of  the  osmotic  pressure  by  this  method  has 
recently  come  to  be  of  some  clinical  importance,  particularly  as  an  aid 
in  the  diagnosis  of  kidney  disorders.  In  this  connection  it  Is  best  to 
collect  the  urine  from  each  kidney  separately  and  determine  the  freezing- 
point  in  the  individual  samples  so  collected.  By  this  means  con^derable 
aid  in  the  diagnosis  of  renal  diseases  may  be  secured.  The  fluids  most 
frequently  examined  cryoscopically  are  the  blood  (see  p.  194)  and  the 
urine.  The  freezing-point  is  denoted  by  A.  The  value  of  A  for 
normal  urine  varies  ordinarily  between  —1.3°  and  —2.3°  C,  the  freezing- 
point  of  pure  water  being  taken  as  o**.  A  is  subject  to  very  wide  fluctua* 
tions  imder  unusual  conditions.  For  instance,  following  copious  water- 
or  beer-drinking  A  may  have  as  high  a  value  as  —0.2°  C,  whereas  on  a 
diet  containing  much  salt  and  deficient  in  fluids  the  value  of  A  may  be 
lowered  to  —3°  C.  or  even  lower.  The  freezing-point  of  normal  blood 
is  generally  about  —0.56°  C.  and  is  not  subject  to  the  wide  variations 
noted  in  the  urine,  because  of  the  tendency  of  the  organism  to  maintain 
the  normal  osmotic  pressure  of  the  blood  under  all  conditions.  Varia- 
tions between  —0.51"  and  —0.62°  C.  may  be  due  entirely  to  dietary  con- 
ditions, but  if  any  marked  variation  is  noted  it  can,  in  most  cases,  be 
traced  to  a  disordered  kidney  function. 

Freezing-point  determinations  may  be  made  by  means  of  the  Beck- 
mann-Heidenhain  apparatus  (Fig.  89)  or  the  Zikel  pektoscope.  The 
Beckmann-Heidenhain  apparatus  consists  of  the  following  parts:  A 
strong  battery  jar  or  beaker  (C)  furnished  with  a  metal  cover  which  is 
provided  with  a  circular  hole  in  its  center.  This  strong  glass  vessel 
serves  to  hold  the  freezii^  mixture  by  means  of  which  the  temperature 
of  the  fluid  under  examination  is  lowered.  A  lar^  glass  tube  (B)  de- 
t.  and  formed  aft  of  a  test-tube  is 
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tion"  causes  the  fluid  to  freeze  instantaneously.  (For  details  of  the 
method  of  determining  the  freezing-point  consult  standard  works  on 
physical  or  organic  chemistry.) 

Electrical  Conductivity. — The  electrical  conductivity  of  the  urine 
is  dependent  upon  the  number  of  inorganic  molecules  or  ions  present, 
and  in  tHs  differs  from  the  freezing-point  which  is  dependent  upon  the 
total  number  of  molecules  both  inorganic  and  organic  which  are  in 
solution.  The  conductivity  of  the  urine  has  been  investigated  but 
slightly,  and  this  rather  recently,  but  from  the  data  secured  it  seems  that 
the  value  generally  falls  below  «=o,03.  The  conductivity  of  blood 
serum  has  been  determined  as  x=  0.013.  Up  to  the  present  time  the 
determination  of  the  electrical  conductivity  of  any  of  the  fluids  of  the 
body  has  been  put  to  very  sUght  clinical  use.  Experience  may  show 
the  conductivity  value  to  be  a  more  important  aid  to  diagnosis  than  it 
is  now  considered,  particularly  if  it  is  taien  in  connection  with  the  deter- 
mination of  the  freezing-point.  By  a  combination  of  these  two  methods 
the  portion  of  the  osmotic  pressure  due  respectively  to  electrolytes  and 
non-electrolytes  may  be  determined.  For  a  discussion  of  electrical  con- 
ductivity, the  method  by  which  it  is  determined,  and  the  principles ' 
involved  consult  standard  works  on  physical  or  electro-chemistry. 

Collection  of  the  Urine  Sample. — If  any  dependable  data  are  desired 
regarding  the  quanlilalive  composition  of  the  urine  the  examination  of 
the  mixed  excretion  for  twenty-four  hours  is  absolutely  necessary.  In 
collecting  the  urine  the  bladder  may  be  emptied  at  a  given  hour,  say 
8  A.  M.,  the  urine  discarded  and  all  the  urine  from  that  hour  up  to  and 
including  that  passed  the  next  day  at  8  A.  M.,  saved,  thoroughly  mixed, 
and  a  sample  taken  for  analysis.  Powdered  thymol, 
CH, 

/\ 

\/0H 

CH,-CH-CHt, 

is  a  very  satisfactory  preservative  since  the  excess  may  be  removed  by 
filtration,  if  desired,  and  any  small  amount  which  may  go  into  solution 
will  have  no  appreciable  influence  upon  the  determination  of  any  of  the 
urinary  constituents.  It  has  no  reducing  power  and  so  may  safely 
be  used  to  preserve  diabetic  urines.  To  insure  the  preservation  of  the 
mixed  urine  of  the  twenty-four  hour  period  it  is  advisable  to  place  a 
small  amount  of  the  thymol  powder  in  the  urine  receptacle  before  the 
first  fraction  of  urine  is  voided.     In  order  to  further  insure  the  preser- 
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ration  of  the  uiine  tbe  cleaned  and  dried  urine  receptacle  may  be  rinsed 
with  an  alcohohc  solution  of  thymol  and  subsequently  thorou^y  dried 
before  introducing  the  urine. 

Toluol  is  also  used  for  the  preservation  of  urine. 

In  certain  pathological  conditions  it  is  desirable  to  collect  the  urine 
passed  during  the  day  separately  from  that  passed  during  the  M^kt. 
When  this  is  done  the  urine  voided  between  &  A.  M.  and  S  P.  M.  may 
be  taken  as  the  day  sample  and  that  voided  between  8  P.  M.  andS  A.  M. 
as  the  night  sample. 

The  quaiiiative  testing  of  urine  voided  at  random,  except  in  a  few 
specific  instances,  is  of  no  particular  value  so  far  as  giving  us  any  accurate 
knowledge  as  to  the  exact  urinary  characteristics  of  the  individual  is 
concerned.  In  the  great  majority  of  cases  the  quaUtative  as  well  as  the 
quantitative  tests  should  be  made  upon  the  mixed  excretion  for  a  twenty- 
four  hour  period  as  well  as  upon  a  night  sample  as  above  described. 
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CHAPTER  XVIII. 

DRINE:  PH^OLOGICAL  CONSTTTDENTS.' 

I.  O^ianic  Physiological  Constitueiits. 


Urea. 
Uric  add. 
Creatinine. 
Creatine.* 

Ethereal  sulphuric  adds. . 


Hippuric  add.  , 
Oxalic  acid. 


Neutral  sulphur  compounds.  . 


[  Indoxyl-sulphuric  add. 

j  Phenol-  and  ^cresol-sulphuric  acids. 

]  Pyrocatechin-sidphuric  add. 

t  Skatoxyl-sulphuric  add. 


Cystine. 

Chondroitin-sulphuric  add. 
Thiocyanates. 
Taurine  derivatives. 
03typroteic  add. 
Alloxyproteic  acid. 
Uroferric  add. 


Aromatic  oxyadds . 


Paraoxyphenyl-acetic  add. 

Paraoxyphenyl-propionic  add. 

Homogentisic  add. 

Uroleudc  add. 

Oxymandelic  acid. 

Kynurenic  add. 
Amino  adds. 
Benzoic  add. 
Neudeoprotein. 
Oxaluric  add. 

'  It  is  impossible  to  mak«  any  t^salutt  claanficsdon  of  the  phyuological  and  pAthtriogical 
anutituents  of  the  urine.  A  aubsUuce  may  be  DitMnt  in  the  iinne  in  snull  amount  phyvo- 
logicall)'  uid  be  sufficiently  increased  und»-  "tioni  h  to  be  teimed  ft  pathological 
cooatituent.  Therefore  it  depends,  ia  ■^  mumUily  of  a  coiutitiiMIt 
praent  whether  it  may  be  coirEet>-  i>«]Q^ala     

■  Normal  conttituent  of  lu' 
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[  Pepsin, 

Enzyincs '  Gastric  renmn. 

'  Amylase. 
1  Acetic  add. 

Volatile  fatty  adds J  Butyric  add, 

[  Formic  add. 
Paralactic  add. 
Phenaceturic  add. 

Phosphorized  compounds (  Glycerophosphoric  add. 

[  Pbosphccaniic  acid. 
[  Urochrome. 

Pigments J  Uroblin, 

[  Uroerythrin. 
Ptomaines  and  leucomaines. 

Adenine. 

Guanine. 

Xanthine. 

Epiguanine. 

Episarkine. 

Hypoxantbine. 

Paraxanthine. 

Heteroxan  thine. 

i-Methylxanthine. 

3.  IhOTganic  Physi(d<^ical  Constituents. 


Ammonia. 
Sulphates. 
Chlorides. 


Sodium  and  potassiiun. 

Caldum  and  magnesium. 

Carbonates. 

Iron. 

Fluorides. 

Nitrates. 

Silicates. 

Hydrogen  peroxide. 


UREA,  C  =  0. 

I 


NH, 
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Urea  is  the  principal  end-product  of  the  metabolism  of  protein 
substances.  It  has  been  generally  believed  that  about  90  per  cent 
of  the  total  nitrogen  of  the  urine  was  present  as  urea.  Recently,  how- 
ever, Folin  has  shown  that  the  distribution  of  the  nitrogen  of  the  urine 
among  urea  and  the  other  nitrogen-containing  bodies  present  depends 
entirely  upon  the  absolute  amount  of  the  total  nitrogen  excreted.  He 
found  that  a  decrease  in  the  total  nitrogen  excretion  was  always  accom- 
panied by  a  decrease  in  the  percentage  of  the  total  nitrogen  excreted 
as  \u'ea,  and  that  after  so  regulating  the  diet  of  a  normal  person  as  to 
cause  the  excretion  of  total  nitrogen  to  be  reduced  to  3-4  grams  in  24 
hours,  only  about  60  per  cent  of  this  nitrogen  appeared  in  the  urine  as  urea. 


His  exi)eriments  also  seem  to  show  urea  to  be  the  only  one  of  the  nitro- 
genous excretions  which  is  relatively  as  well  as  absolutely  decreased  as  a 
result  of  decreasing  the  amount  of  protein  metabolized.  This  same 
investigator  reports  a  hospital  case  in  which  only  14.7  per  cent  of  the 
total  nitrogen  was  present  as  urea  and  about  40  per  cent  was  present  as 
ammonia.  Mbrner  had  previously  reported  a  case  in  which  but  4.4 
per  cent  of  the  total  nitrogen  of  the  urine  was  present  as  urea,  and  26.7 
per  cent  was  present  as  ammonia. 

Urea  occurs  most  abimdantly  in  the  urine  of  man  and  carnivora 
and  in  somewhat  smaller  amount  in  the  urine  of  herbivora;  the  urine 
of  fishes,  amphibians,  and  certain  birds  also  contains  a  small  amount  of 
the  substance.  Urea  is  also  found  in  nearly  all  the  fluids  and  in  many 
of  the  tissues  and  organs  of  mammals.  The  amotmt  excreted,  under 
normal  conditions,  by  an  adult  man  in  24  hours  is  about  30  grams; 
women  excrete  a  somewhat  smaller  amount.    The  excretion  is  greatest 
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io  amotmt  after  a  diet  of  meat,  and  least  in  amount  after  a  diet  con- 
sisting of  non-nitrogenous  foods;  this  is  due  to  the  fact  that  the  last- 
mentioned  diet  has  a  tendency*  to  decrease  the  metabolism  of  the  tissue 
proteins  and  thus  cause  the  output  of  urea  imder  these  a>nditions  to 
fall  below  the  output  of  urea  obser\'ed  during  star\-ation.  The  ou^ut 
of  urea  is  also  increased  after  copious  water-  or  beer-drinking.  The 
increase  is  probably  due  primarily  to  the  washing  out  of  the  tissues  of 
the  urea  p^e^'iousIy  formed,  but  which  had  not  been  removed  in  the 
normal  processes,  and  secondarily  to  a  stimulation  of  protdn  catabolism. 

Urea  may  be  formed  in  the  organism  from  amino  adds  such  as  leucine, 
gl\Tocull,  and  aspartic  add:  it  may  also  be  formed  from  ammonium 
carbonate  i^XH^^jCO*  or  ammonium  carbamate,  HiX.O.CO.NHj. 

There  aiv  differences  of  opinion  regarding  the  transfonnaticMi  of  the 
substances  just  named  into  urea,  but  there  is  rather  condu^ve  e\'idence 
that  at  least  a  (\irt  of  the  urea  is  formed  in  the  liver:  it  may  be  formed  in 
tther  onrans  or  tissues  as  well. 

Urea  cjn'Stallizes  in  long,  colorless,  four-  or  six-sided,  anhydrous, 
rbcimbic  prisms  .Fig.  oo.  p.  rS5\  which  melt  at  15;'  C-  and  are  sohit^ 
io  water  or  alcohol  and  insv^luble  in  ether  or  chloroform.  If  a  oj-stal 
of  urea  is  heated  in  a  test-tube,  it  melts  and  decomposes  with  the  libera- 
tion of  ammonia.     The  residue  contains  cvammru:  acid. 


C.OH 

X     X 

l.C      C.OH 

\ 

NH 


rte 


-  <r^  *  bypo- 
-^  ,j;  una  into 
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nltrc^en,  carbon  dioxide,  and  water.    Sodium  hypobromite  brings  about 
this  decomposition,  as  follows: 

CO(NH,)  i+3NaOBr— 3NaBr + N, + CO, + aHjO. 

This  property  forms  the  basis  for  a  clinical  quantitative  determination 
of  urea  (see  page  392). 

Urea  has  the  power  of  forming  cr>'stalline  compounds  with  certain 
acids;  urea  nitrate  and  urea  oxalate  are  the  most  important  of  these 
compounds.  Urea  nitrate,  CO(NHj)i.HNOt,  crj-stallizes  in  colorless, 
rhombic  or  six-sided  tiles  (Fig.  91,  below),  which  are  ea^y  soluble  in 
water.  Urea  oocalaie,  2.CO(NHi)i.HiCs04,  cr>'stallizes  in  the  form 
of  rhombic  or  six-sided  prisms  or  plates  (Fig.  93,  p.  2S9):  the  oxalate 
differs  from  the  nitrate  in  being  somewhat  less  soluble  in  water. 


A  decrease  in  the  excretion  of  urea  is  observed  i*  many  diseases  in 
which  the  diet  is  much  reduced  and  in  some  disorders  as  a  result  of 
alterations  in  metabolism,  e.-g.,  myxccdema,  and  in  others  as  a  result 
of  changes  in  excretion,  as  in  severe  and  advanced  kidney  disease.  A 
pathological  increase  is  found  in  a  large  proportion  of  diseases  which 
are  associated  with  a  toxic  state. 

EXIPEKIMENTS  ON  UrEA. 

I.  Isolation  from  the  Urine.'— Place  800  c.c.  of  urine  in  a  pre- 
cipitating jar,  add   250  c.c.  of  baryta  mixture.*  and  stir  thoroughly. 

'The  mechoil  b.tsi-d  upon  tho  prccipit.ition  liy  nitric  iicid  is  also  sntisfaclory  (si-i> 
Hoppc-SeylKT'i  ll-in(lliiicli  tlir Physiol.  undFiilhul.  Chfm,  Anal..  Ei|;hlh  cdiliun.  1009.  p.  145!- 

•  Baryta  mixture  consists  of  a  mixture  of  one  volume  of  a  sniuraU-il  solution  of  Ba- 
{NO|)i  and  two  volumes  uf  a  saturated  solution  of  Ba(  OtI)i. 
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Filter  o£E  the  precipitate  of  phosphates,  sulphates,  urates,  and  hip- 
purates  and  evaporate  the  filtrate  on  a  water-bath  to  a  thick  syrup.  This 
syrup  contains  chlorides,  creatinine,  organic  salts,  pigments,  and  urea. 
Extract  the  syrup  with  warm  95  pet  cent  alcohol  and  filter  again.  The 
filtrate  contains  the  urea  contaminated  with  pigment.  Decolorize  the 
filtrate  by  boiling  with  animal  charcoal,  filter  again,  and  stand  the 
filtrate  away  in  a  cold  place  for  crystaUization.  Examine  the  crystals 
under  the  microscope  and  compare  them  with  those  shown  in  Fig.  90, 
page  285. 

2.  Solubili^. — Test  the  solubility  of  urea,  prepared  by  yourself  or 
furnished  by  the  instructor,  in  the  ordinary  solvents  (see  p.  27)  and  in 
alcohol  and  ether. 

3.  Melting-^oint— Determine  the  meltii^- 
point  of  some  pure  urea  furnished  by  the  instructor. 
Proceed  as  follows;  Into  an  ordinary  melting- 
point  tube,  sealed  at  one  end,  introduce  a  crystal  of 
urea.  Fasten  the  tube  to  the  bulb  of  a  thermom- 
eter as  shown  in  Fig.  92,  and  suspend  the  bulb 
and  its  attached  tube  in  a  small  beaker  contain- 
ing sulphuric  acid.  Gently  raise  the  temperature 
of  the  add  by  means  of  a  low  flame,  stirring  the 
fluid  continually,  and  note  the  temperature  at 
which  the  urea  begins  to  melt. 

4.  Crystalline  Form. — Dissolve  a  crystal  of 
pure  urea  in  a  few  drops  of  95  per  cent  alcohol 
and  place  1-2  drops  of  the  alcoholic  solution  on  a 
microscopic  slide.  Allow  the  alcohol  to  evaporate 
spontaneously,  examine  the  crystals  under  the  mi- 
croscope, and  compare  them  with  those  reproduced 
in  Fig,  90,  i>.  285.  Recrystallize  a  little  urea  from 
water  in  the  same  way  and  compare  the  crystals 
with  those  obtained  from  the  alcoholic  solution. 

5.  Formation     of     Bitiret. — Place     a     small 
^  amount  of  urea  in  a  dry  test-tube  and  heat  care- 

TiiLkuou-  fully  in  a  low  flame.  The  urea  melts  at  132°  C. 
and  liberates  ammonia.  Continue  heating  until 
the  fused  mass  begins  to  solidify.  Cool  the  tube,  dissolve  the  readue 
in  dilute  potas.'^ium  hydroxide  solution,  and  add  very  dilute  copper  sul- 
phate solution  (see  p,  98).  The  purpIish-\ioIet  color  is  due  to  the  pres- 
ence of  biuret  which  has  been  formed  from  the  urea  through  the  appli- 
cation of  heat  as  indicated.     This  is  the  reaction: 
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NH. 

•        ■  I 

NH,  C=0 

I  \ 

2C  =  0     —    NH+NH, 
I  / 

NH,  C  =  0 

( 
NH, 

Biartl. 

6.  Urea  Nitrate. — Prepare  a.  concentrated  solution  of  urea  by  dis- 
solving a  little  of  the  substance  in  a  few  drops  of  water.  Place  a  drop 
of  this  solution  on  a  microscopic  slide,  add  a  drop  of  concentrated  nitric 
acid,  and  examine  under  the  microscope.  Compare  the  crystals  with 
those  reproduced  in  Fig.  91,  p.  287. 

7.  TJrea  Oxalate. — To  a  drop  of  a  concentrated  solution  of  urea, 
prepared  as  described  in  the  last  experiment  (6),  add  a  drop  of  a  satu- 


FiG.  93.— U»EA  Oxalate. 


rated  solution  of  oxalic  acid.    Examine  under  the  microscope  and  com- 
pare the  crystals  with  those  shown  in  Fig.  93,  above. 

8.  Decomposition  by  Sodium  Hypobromite. — Into  a  mixture  of 
3  c.c.  of  concentrated  sodium  hydroxide  solution  and  2  c.c.  of  bromine 
water  in  a  test-tube  introduce  a  crystal  of  urea  or  a  smaU  amount  of 
concentrated  solution  of  urea.  Through  the  influence  of  the  sodiiun 
hypobromite,  NaOBr,  the  urea  is  decomposed  and  carbon  dioxide  and 
nitrogen  are  liberated.  The  carbon  dioxide  is  absorbed  by  the  excess  of 
soditmi  hydroxide,  while  the  nitrogen  is  evolved  and  causes  the  marked 
effervescence  observed.  This  property  forms  the  basis  for  one  of  the 
methods  in  common  use  for  the  quantitative  determination  of  urea. 
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Write  the  equation  showing  the  decompositioD  of  urea  by  sodium  hypo- 
bromite. 

9.  FuifuTol  Test — To  a  few  crystals  of  urea  in  a  small  porcdain 
dish  add  1-3  drops  of  a  concentrated  aqueous  solution  of  furfurol  and 
1-3  drops  of  concentrated  hydrochloric  acid.  Note  the  appearance 
of  a  yellow  color  which  gradually  changes  into  a  purple.  AUantoIn  also 
responds  to  this  test  (see  page  305), 

HN— C  =  0 

I     ! 

URIC  ACID,  OC    C-NH 

\co. 

HX— C— HN 

Uric  acid  is  one  of  the  most  important  of  the  constituents  of  the 
urine.  It  is  generally  stated  that  normally  about  0.7  gram  is  excreted 
in  34  hours  but  that  this  amount  is  subject  to  wide  variations,  particu- 
larly under  certain  dietary  and  pathological  conditions.  Very  recently 
it  has  been  shown  that  the  average  daily  excretion  of  uric  add  for  ten 
men  ranging  in  age  from  19  to  29  years  and  fed  a  normal  mixed  diet 
was  0.597  grsnii  ^  value  somewhat  lower  than  the  generally  aoxpted 
average  of  0.7  gram  for  such  a  period.  Uric  add  is  a  diurdde  and 
consequently  upon  oxidation  yields  two  molecules  of  urea.  It  acts 
as  a  weak  dibasic  acid  and  forms  two  classes  of  salts,  neutral  and  add. 
The  neutral  potassium  and  lithium  urates  are  the  most  easily  soluble 
of  the  alkali  salts;  the  ammonium  urate  is  difficultly  soluble.  The 
add-alkali  urates  are  more  insoluble  and  form  the  major  portion  of  the 
sediment  which  separates  upon  cooling  the  concentrated  uiine;  the 
alkaline  earth  urates  are  very  insoluble.  Ordinarily  uric  add  occurs 
in  the  urine  in  the  form  of  urates  and  upon  acidifying  the  liquid  the 
uric  add  is  liberated  and  deposits  in  crystalline  form.  This  pn^rty 
forms  the  basis  of  one  of  the  older  methods  for  the  quantitative  deter- 
mination of  uric  add  (Heintz  Method,  p.  390). 

Uric  acid  is  very  closely  related  to  the  purine  bases  as  may  be  seen 
from  a  comparison  of  its  structural  formula  with  those  of  the  purine 
bases  given  on  page  261.  According  to  the  purine  nomenclature  it  is 
designated  2— 6— 8— trioxj-purine.  Uric  add  forms  the  prindpal  end- 
product  of  the  nitrogenous  metabolism  of  birds  and  scaly  amphibians; 
in  the  human  organism  it  occupies  the  fourth  position  inasmuch  as  here 
uroii.  animtinia,  and  creatinine  arc  the  chief  end-products  of  nitrogenous 
mctiilHilisni.  It  is  pcnt-rally  said  that  the  relation  existing  between 
uric  acid  and  urea  in  human  urine  under  normal  conditions  varies  on 
the  avefiiRi;  from  1 :4o  In  1 :  100  and  is  sul)joct  to  wider  variations  under 
pathological  conditions;  and  further  that  because  of  the  high  content  of 
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uric  acid  in  the  urine  of  new-bom  infants  the  ratio  may  be  reduced  to 
1 :  10  or  even  lower.  We  now  know  that  this  ratio  of  uric  add  to  urea 
is  of  little  significance  xinder  any  conditions. 

In  man,  uric  acid  probably  results  principally  from  the  destruction 
of  nuclein  material.  It  may  arise  from  nuclein  or  other  purine  material 
ingested  as  food  or  from  the  disintegrating  cellular  matter  of  theorgan- 
ism.  The  uric  acid  resulting  from  the  first  process  is  said  to  be  of  ex- 
ogenous origin,  whereas  the  product  of  the  second  form  of  activity  is 
said  to  be  of  endogenous  origin.  As  a  result  of  experimentation,  Siv^n, 
and  Burian  and  Schur,  and  Rockwood  claim  that  the  amount  of  end<^e- 
nous  uric  acid  formed  in  any  given  period  is  fairly  constant  for  each 
individual  under  normal  conditions,  and  that  it  is  entirely  independent 
of  the  total  amount  of  nitrogen  eliminated.  Recendy  Folin  has  taken 
exception  to  the  statements  of  these  investigators  and  claims  that,  fol- 
lowing a  pronounced  decrease  in  the  amount  of  protein  metaboUzed, 
the  absolute  qiiantity  of  uric  add  is  decreased  but  that  this  decrease  is 
relatively  smaller  than  the  decrease  in  the  total  nitrogen  excretion  and 
that  the  per  cent  of  the  uric  add  nitrogen,  in  terms  of  the  total  nitrogen, 
is  therefore  deddedly  increased.  • 

In  birds  and  scaly  amphibians  the  formation  of  uric  add  is  analo- 
gous to  the  formation  of  urea  in  man.  In  these  organisms  it  is  derived 
principally  from  the  protein  material  of  the  tissues  and  the  food  and  is 
formed  through  a  process  of  synthesis  which  occurs  for  the  most  part 
in  the  liver;  a  comparatively  small  fraction  of  the  total  uric  add  excie- 
tion  of  birds  and  scaly  amphibians  may  result  from  nuclein  material. 

When  pure,  uric  add  may  be  obtained  as  a  white,  odorless,  and 
tasteless  powder,  which  is  composed  prindpally  of  small,  transparent, 
crystalline,  rhombic  plates.  Uric  add  as  it  separates  from  the  urine 
is  invariably  pigmented,  and  crystallizes  in  a  large  variety  of  character- 
istic forms,  e.  g.,  dumb-bells,  wedges,  rhombic  prisms,  irregular  rect- 
angular or  hexagonal  plates,  whetstones,  prismatic  rosettes,  etc.  Uric 
add  is  insoluble  in  alcohol  and  ether,  soluble  with  difficidty  in  boiling 
water  (1:1800)  and  practically  insoluble  in  cold  water  (1:39,480,  at 
i8°  C).  It  is  soluble  in  alkalis,  alkali  carbonates,  boiling  glycerol, 
concentrated  sulphuric  acid,  and  in  certain  organic  bases  such  as  ethyl- 
amine  and  piperidine.  It  is  claimed  that  the  uric  add  is  hdd  in  solu- 
tion in  the  urine  by  the  urea  and  disodium  hydrogen  phosphate  present. 
Uric  acid  possesses  the  power  of  reducing  cupric  hydroxide  in  alkaline 
solution  and  may  thus  lead  to  an  erroneous  conclusion  in  testing  for 
sugar  in  the  urine  by  means  of  Fehling's  or  Trommer's  tests.  A  white 
prcdpitate  of  cuprous  urate  is  formed  if  only  a  small  amount  of  cupric 
hydroxide  is  present,  but  if  enough  of  the  copper  salt  is  present  the 
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characteristic  red  or  brownish-red  precipitate  of  cuprous  oxide  is  ob- 
tained. Uric  acid  does  not  possess  the  power  of  reducing  bismuth  in 
alkaline  solution  and  therefore  does  not  interfere  in  testing  for  sugar  in 
the  urine  by  means  of  Boettger's  or  Nylander's  tests. 

In  addition  to  being  an  important  urinary  constituent  uric  add  is 
normally  present  in  the  brain,  heart,  liver,  lungs,  pancreas,  and  spleen; 
it  also  occurs  in  the  blood  of  birds  and  has  been  detected  in  traces  in 
human  blood  under  normal  conditions. 

Pathologically,  the  excretion  of  uric  arid  is  subject  to  wide  variations, 
but  the  experimental  findings  are  rather  contradictory.  It  may  be 
stated  with  certainty,  however,  that  in  leukaemia  the  uric  acid  output 
is  increased  absolutely  as  well  as  relatively  to  the  urea  output;  under 
these  conditions  the  ratio  between  the  uric  acid  and  urea  may  be  as 
low  as  i:g,  whereas  the  normal  ratio,  as  we  have  seen,  is  i :  50  or  iiigher. 
In  the  study  of  the  influence  of  X-ray  on  matabolism  Edsall  reached 
some  interesting  conclusions.  He  found  that  the  excretion  of  uric  acid 
is  usually  increased  and  that  in  some  conditions,  particularly  in  leuksmia, 
it  may  be  greatly  increased.  The  excretion  of  total  nitrogen,  phos- 
phates, and  other  substances  may  also  be  considerably  increased. 

Experiments  on  Uhjc  Acid. 

1.  Isolation  from  the  Urine.- — Place  about  200  c.c.  of  filtered  urine 
in  a  beaitcr,  render  it  add  with  2-10  c.c.  of  concentrated  hydrochloric 
add,  stir  thoroughly,  and  stand  the  vessel  in  a  cold  place  for  24-  hours. 
Examine  the  pigmented  crystals  of  uric  add  under  the  microscope  and 
compare  them  with  those  shown  in  Fig.  106,  p.  365  and  PI.  V.,  opposite 
p.  291. 

2.  Solubility. — Try  the  solubility  of  pure  uric  acid,  furnished  by 
the  instructor,  in  the  ordinary  solvents  (see  p.  27)  and  in  alcohol,  ether, 
concentrated  sulphuric  acid  and  in  boiling  glycerol. 

3.  Crystalline  Form  of  Pure  Uric  Acid. — Place  about  100  c.c.  of 
water  in  a  small  beaker,  render  it  distinctly  alkaline  with  potassium 
hydroxide  solution  and  add  a  small  amount  of  pure  uric  acid,  stirring 
continuously.  Cool  the  solution,  render  it  distinctly  acid  with  hydro- 
chloric add  and  allow  it  to  stand  in  a  cool  place  for  crystallization. 
Examine  the  crystals  under  the  microscope  and  compare  them  with 
those  reproduced  in  Fig.  94,  p.  293. 

4.  Murexide  Test.^To  a  small  amount  of  pure  uric  add  in  a  small 
evaporating  dish  add  2-3  drops  of  concentrated  nitric  acid.  Evapo- 
rate to  dryness  carefully  on  a  water-bath  or  over  a  very  low  flame.  A; 
red  or  yellow  residue  remains  which  turns  purplish-red  after  coolis^.^ 


dish  and  adding  a  drop  of  very  dilute  ammonium  hydroxide.  The  color 
is  due  to  the  formation  of  murexide.  If  potassium  hydroxide  is  used 
instead  of  amraoniimi  hydroxide  a  purplish-violet  color  due  to  the  pro- 
duction of  the  potassium  salt  is  obtained.  The  color  disappears  upon 
warming;  with  certain  related  bodies  (purine  bases)  the  color  persists 
under  these  conditions. 

5-  Moreigne's  Reaction. — To  equal  volumes  of  Moreigne's  reagent' 
and  the  solution  to  be  tested  add  a  few  drops  of  concentrated  potas- 
sium hydro.xide.     A  blue  color  indicates  the  presence  of  uric  acid. 

6.  Schiff's  Reaction. — Dissolve  a  small  amoimt  of  pure  uric  acid 
in  sodium  carbonate  solution  and  transfer  a  drop  of  the  resulting  mix- 
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Ture  to  a  strip  of  filter  paper  saturated  with  silver  nitrate  solution. 
A  yellowish-brown  or  black  coloration  due  to  the  formation  of  reduced 
silver  is  produced. 

7.  Ganassini's  Test^' — Dissolve  a  small  amount  of  uric  add  in 
sodium  carbonate.  Precipitate  the  dissolved  uric  acid  by  means  of 
zinc  chloride,  ftlter  off  the  precipitate,  and  permit  it  to  stand  in  contact 
with  the  air.  A  sky-btue  color  will  develop,  a  color  change  which  may 
be  hastened  by  sunlight.  A  similar  reaction  may  be  obtained  by  treat- 
ing the  original  precipitate  with  K^SjOb- 

8.  Influence  upon  Fehling's  Solution.— Dilute  i  c.c.  of  Fehling's 
solution  with  4  c.c.  of  water  and  heat  to  boihng.  Now  add  slowly,  a 
few  drops  at  a  time,  1-2  c.c.  of  a  concentrated  solution  of  uric  acid  in 

'  Moreigne's  reagent  is  made  by  combining  lo  grams  of  sodiurn  lungstale,  10  grams 
o[  phosphoric  Hcic]  (sp,  gr,  i.[j)  and  loo  c.c.  of  water.  Boil  Uus  mixture  for  twenty  minutes, 
«Jd  water  to  make  the  volume  of  the  iolulion  equivalent  to  the  original  volume,  and  acidify 
with  hydrochloric  add. 

■  ■     "  %  toe..  igoB,  No.  I. 
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potassium  hydroxide,  heating  after  each  addition.     From  this  experiment 

what  do  you  conclude  regarding  the  possibility  of  arriving  at  an  erroneous 

decision  when  icsling  for  sugar  in  the  urine  by  means  of  Fehlmg's  test? 

9.  Reduction  of  Nylander's  Reagent.— To  5  c,c.  of  a  solution  of 

uric  acid  in  potassium  hydroxide  add  about  one-half  a  cubic  centimeter 

of  Nylander's  reagent  and  heat  to  boiling  for  a  few  moments.     Do  you 

obtain  the  t>7)ical  black  end-reaction  signifying  the  reduction  of  the 

bismuth? 

NH CO 

! 
CREATININE,   C  =  NH 

t 

N.{CH3).CH3. 

Creatinine  is  the  anhydride  of  creatine  and  is  a  constituent  of  normal 
human  urine.  The  theory  that  creatinine  is  derived  from  the  creatine 
of  ingested  muscular  tissue  as  well  as  from  the  creatine  of  the  muscular 
tissue  of  the  organism  has  recently  been  proven  to  be  incorrect  by  Fohn, 
Klercker,  and  Wolf  and  Shaffer.  Shaffer  believes  that  creatinine  is 
the  result  of  some  special  process  of  normal  metabolism  which  takes 
place  to  a  large  extent,  if  not  entirely,  in  the  muscles  and  further  that 
the  amount  of  such  creatim'ne  elimination,  expressed  in  milligrams  per 
kilogram  body  weight,  is  an  index  of  this  special  process.*  He  further 
states  that  the  muscular  cfRciency  of  the  indi\idual  depends  upon  the 
intensity  of  this  process.  Under  normal  conditions  about  i  gram  of 
creatinine  is  excreted  by  an  adult  man  in  24  hours,-  the  exact  amount 
depending  in  great  part  upon  the  nature  of  the  food  and  decreasing 
markedly  in  starvation.  Very  little  that  is  important  is  known  regarding 
the  excretion  of  creatinine  imder  pathological  conditions.  The  creatinine 
content  of  the  urine  is  said  to  be  increased  in  typhoid  fever,  typhus, 
tetanus,  and  pneumonia,  and  to  be  decreased  in  anemia,  chlorosis, 
paralysis,  muscular  atrophy,  advanced  degeneration  of  the  kidneys,  and 
in  leukaemia  (myelogenous,  IjTnphatic  and  pseudo).  An  increase  of 
creatinine  was  also  noted  in  diabetes,  an  increase  probably  due  to  the 
creatinine  content  of  the  meat  eaten.  The  greater  part  of  the  data, 
however,  relating  to  the  variation  of  the  creatinine  excretion  under 
pathological  conditions  are  not  of  much  value  since  in  nearly  every 
instance  the  diet  was  not  sufficiently  controlled  to  permit  the  collection 
of  reliable  data.  And  further,  until  the  advent  of  the  Folin  method 
(see  p.  415),  there  was  no  accurate  method  for  the  quantitative  determina- 

'  He  proposes  lo  designate  as  the  "  crcalinine  coeffidenl "  thecxciction  of  citaliniitt-nitro- 
gt»  (hji.)  prr  kiUftam  vf  body  mi[U. 

I  According  to  Shallet  the  amount  eicreted  by  strictly  norau,)  individuals  is  between  7 
Vd  1 1  nuUisrams  of  creatininc-niti\>geD  per  kilognm  of  body  weight. 


tion  of  creatinine.  Shaffer  has  very  recently  called  attention  to  the  fact 
that  a  low  excretion  of  creatinine  is  found  in  the  urine  of  a  remarkably 
large  number  of  pathological  subjects,  representing  a  variety  of  condi- 
tions, and  that  it  is  therefore  evident  that  the  excretion  of  an  abnormaily 
small  amount  of  this  substance  is  by  no  means  pecidiar  to  any  one  disease. 
Creatinine  aystaliizes  in  colorless,  glistening  monoclinic  prisms 
(Fig.  95,  below)  which  are  soluble  in  about  12  parts  of  cold  water;  they 
are  more  soluble  in  warm  water  and  in  warm  alcohol.  It  forms  salts  only 
with  strong  mineral  acids.  One  of  the  most  important  and  interesting 
of  the  compounds  of  creatinine  is  crealinine-zinc  chloride,  (CiHjNjO))- 
ZnCU,  which  is  formed  from  an  alcoholic  solution  of  creatinine  upon 


treatment  with  zinc  chloride  in  add  solution.  Creatinine  has  the  power 
of  reducing  cupric  hydroxide  in  alkaline  solution  and  in  this  way  may 
interfere  with  the  determination  of  sugar  in  the  urine.  In  the  reduction 
by  creatinine  the  blue  liqiiid  is  first  changed  to  a  yellow  and  the  formation 
of  a  brownish-red  precipitate  of  cuprous  oxide  is  brought  about  only 
after  continuous  boihng  with  an  excess  of  the  copper  salt.  Creatinine 
does  not  reduce  alkaline  bismuth  solutions  and  therefore  does  not  inter- 
fere with  Nylander's  and  Boettger's  tests. 

It  has  recently  been  shown  by  Folin  that  the  absolute  quantity  of 
creatinine  eliminated  in  the  urine  on  a  meat-free  diet  is  a  constant  quan- 
tity different  for  different  individuals,  but  wholly  independent  of  quanti- 
tative changes  in  the  total  amount  of  nitrogen  eliminated.  Shaffer  has 
very  recently  confirmed  these  findings  and  has  shown  that  the  output  of 
creatinine  under  these  conditions  is  constant  from  hour  to  hour  as  well 
as  from  day  to  day. 
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According  to  Pekelharing'  muscular  tonus  increases  the  creatinine 
excretion  of  the  individual  whereas  muscular  exertion  does  not. 


Experiments  on  Creatinine. 


I.  Separation  from  the  Urine. — Place  250  c.c.  of  urine  in  a  casserole 
or  beaker,  render  it  alkaline  with  milk  of  lime  and  then  add  CaClj  solution 
until  the  phosphates  are  completely  precipitated.  Filter  off  the  precipi- 
tate, render  the  hJtrate  slightly  add  with  acetic  acid,  and  evaporate  it  to  a 
syrup.  While  still  warm  this  syrup  is  treated  with  about  50  c.c.  of  95-97 
per  cent  alcohol  and  the  mixture  allowed  to  stand  8-12  hours  in  a  cool 
place.  The  precipitate  is  now  filtered  off  and  the  filtrate  treated  with  a 
little  sodium  acetate  and  about  one-half  c.c.  of  acid-free  zinc  chloride 
solution  having  a  specific  gravity  of  1.2.     This  mixture  is  stirred  thor- 


Fio.  96. — CfiEATiKraE-ziNC  Chloride.    (SalkmDski.) 

oughly  and  allowed  to  stand  in  a  cold  place  for  48-72  hours.  Creatinine- 
zinc  chloride  (Fig.  96,  above)  will  crystallize  out  under  these  conditions. 
Collect  the  crystals  on  a  filter  paper  and  wash  them  with  alcohol  to 
remove  chlorides.  Now  treat  the  zinc  chloride  compound  with  a  little 
warm  water,  boil  with  lead  oxide  and  filter.  The  filtrate  may  now  be 
decolorized  by  animal  charcoal,  evaporated  to  dryness,  and  the  residue 
extracted  with  strong  alcohol.  (Creatine  remains  undissolved  under 
these  conditions.)  The  alcoholic  extract  of  creatinine  is  now  evapo- 
rated to  incipient  crystallization  and  left  in  a  cool  place  until  crystal- 
lization is  complete.  If  desired  the  crystals  may  be  purified  by  re- 
crystallization  from  water. 

3.  Weyl's  Test. — Take  5  c.c,  of  urine  in  a  test-tube,  add  a  few  drops 
of  sodium  nilro-prusside  and  render  the  solution  alkaline  with  potassium 

Pekelharing;OndereoekiDBcngedaanmhelPhy9iol,Lab.tcUlrcchL,Vol.  5,  No,  ii,  tgii. 


hydroxide  solution.     A  ruby-red  color  results  which  soon  turns  yellow. 
See  Legal's  test  for  acetone,  page  349. 

3.  Salkowski's  Test.— To  the  yellow  solution  obtained  in  Weyl's 
test  above  add  an  excess  of  acetic  acid  and  apply  heat.  A  green  color 
results  and  is  in  turn  displaced  by  a  blue  color.  A  precipitate  of  Prussian 
blue  may  form. 

4.  Jaffe's  Reaction. — Place  5  c.c.  of  urine  in  a  test-tube,  add  an 
aqueous  solution  of  picric  acid  and  render  the  mbtture  alkaline  with 
potassium  hydroxide  solution.  A  red  color  is  produced  which  turns 
yellow  if  the  solution  be  acidified.  Dextrose  gives  a  similar  red  color 
but  only  upon  the  application  of  heat.  Tliis  color  reaction  observed 
when  creatinine  in  alkaline  solution  is  treated  with  picric  acid  is  the 
basic  principle  of  Folin's  colorimetric  method  for  the  quantitative 
determination  of  creatinine  (see  page  415-) 

ETHEREAL  SULPHORIC  ACIDS. 

The  most  important  of  the  ethereal  sulphuric  acids  found  in  the 
urine  are  pketiol-sulphurk  acid,  p-cresol-sulphuric  acid,  indoxyl-sulphuric 
acid,  and  skaloxyl-sulphuric  acid.  Pyrocatechin- sulphuric  acid  also 
occurs  in  traces  in  human  urine.  The  total  output  of  ethereal  sul- 
phuric acid  varies  from  0.09  to  0.62  gram  for  24  hours.  In  health  the 
ratio  of  ethereal  sulphuric  acid  to  inorganic  sulphuric  acid  is  about 
1 :  10.  These  ethereal  sulphuric  acids  originate  in  part  from  the  phenol, 
cresol,  indole  and  skatole  formed  in  the  putrefaction  of  protein  material 
in  the  intestine.  The  phenol  passes  to  the  Uver  where  it  is  conjugated 
to  form  phenol  potassium  sulphate  and  appears  in  this  form  in  the  urine 
whereas  the  indole  and  skatole  undergo  a  preliminary  oxidation  to  form 
indoxyl  and  skatoxyl  respectively  before  their  elimination. 

It  has  generally  been  considered  that  each  of  the  ethereal  sulphuric 
acids  was  formed  principally  in  the  putrefaction  of  protein  material  in 
the  intestine  and  that  therefore  a  determination  of  the  total  ethereal 
sulphuric  acid  content  of  the  urine  was  an  index  of  the  extent  to  which 
these  putrefactive  processes  were  proceeding  within  the  organism. 
Recently,  however,  Folin  has  conducted  a  series  of  experiments  which 
seem  to  show  that  the  ethereal  sulphuric  acid  content  of  the  urine  does 
not  afford  an  index  of  the  extent  of  intestinal  putrefaction,  since  these 
bodies  arise  only  in  part  from  putrefactive  processes.  He  claims  that  the 
ethereal  sulphuric  acid  excretion  represents  a  form  of  sulphur  metabolism 
which  is  more  in  evidence  upon  a  diet  containing  a  very  small  amount  of 
protein  or  upon  a  diet  containing  absolutely  no  protein.  The  ethereal 
sulphuric  acid  content  of  the  urine  diminishes  as  the  total  sulphur  content 
diminishes  but  the  percentage  decrease  is  much  less.    Therefore  when 
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considered  from  the  standpoint  of  the  total  sulphuric  acid  content  the 
ethereal  sulphuric  acid  content  is  not  diminished  but  is  increased,  although 
the  total  sulphuric  acid  content  is  diminished.  FoUn's  experiments  also 
seem  to  show  that  the  indoxyl  sulphuric  add  (indoxyl  potassium  sulphate 
or  indican)  content  of  the  urine  does  not  originate  to  any  degree  from  the 
metabolism  of  protein  material  but  that  it  arises  in  great  part  from 
intestinal  putrefaction  and  that  the  excretion  of  indoxyl  sulphuric  add 
may  alone  be  taken  as  a  rough  index  of  the  extent  of  putrefactive  proc- 
esses within  the  intestine.  Indoxyl  sulphuric  acid, 
CH 


HC       C— CCO.SOsH), 

I         li      II 
HC       C     CH 

CH  NH 
therefore,  which  occurs  in  the  urine  as  indoxyl  potassium  sulphate  or 
indican, 

CH 


HC       C— r(O.SO,K). 

!      II    II 

HC       C     CH 


CH  NH 
is  clinically  the  most  important  of  the  ethereal  sulphuric  adds. 

Tests  for  Indican.' 

I.  Jaffe's  Test. — Nearly  fill  a  test-tube  with  a  mixture  composed 
of  equal  volumes  of  concentrated  HCl  and  the  urine  under  examination. 
Add  2-3  c.c.  of  chloroform  and  a  few  drops  of  a  caldum  hypodilorite 
solution,  place  the  thumb  over  the  end  of  the  test-tube  and  shake  the 
tube  and  contents  thoroughly.  The  chloroform  is  colored  more  or  less, 
according  to  the  amount  of  indican  present.  Ordinarily  a  blue  color 
due  to  the  formation  of  indigo-blue  is  produced;  less  frequently  a  red 
color  due  to  indigo-red  may  be  noted. 

Repeat  this  test  on  some  of  this  same  urine  to  which  formaldehyde  has 
been  added.  Is  there  any  variation  in  the  reaction  from  what  yea 
previously  obtained? 

'  The  urine  should  always  be  examined /reiA  i(  this  is  possible.  In  any  event  foimmlde- 
hyde  should  never  be  used  as  a  preservative  for  such  urines  as  are  to  be  examined  for  indican 
by  means  of  any  test  involving  hypochlorite  or  potassium  permanganate.  The  formaldehyde 
through  its  reducing  power  lowers  the  oxidi7.ing  efficiency  of  the  mixture.  The  formatian  of 
(ormic  acid  from  the  aldehyde  may  also  interfere. 
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This  is  the  reaction  (see  also  page  169) : 
CH 
HC       C  -C.OH 

2         I  II  II  +30- 

HC       C     CH 


CH  NH 

InJoxyt.  CiHiN'O. 

CH  CH 


HC     C  —CO    O.C  — C       CH 

!        II       I  I        II        I       +>H,0 

HC     C      C  C     C       CH 

CN  NH  NH  CH 

IndiiB-blMi.  CiiHitNiOi. 

■?LA^2.  Obennayer's  Test.- Nearly  fill  a  test-tube  with  a  mixture  com- 
posed of  equal  volumes  of  Obermayer's  reagent'  and  the  urine  under 
examination.  Add  2-3  c.c,  of  chloroform,  place  the  thumb  over  the  end 
of  the  test-tube  and  shake  thoroughly.  How  does  this  compare  with 
Jaffe's  test? 

3.  Gurber's  Reaction. — To  one  volume  of  the  urine  under  examina- 
tion and  two  volumes  of  concentrated  hydrochloric  acid  in  a  test-tube 
add  2~3  drops  of  a  i  per  cent  solution  of  osmic  acid  and  2-3  c,c.  of  chloro- 
form and  shake  the  tube  and  contents  thoroughly.  Compare  the  color 
with  those  obtained  in  Jaffe's  and  Obermayer's  tests. 

An  excess  of  osmic  acid  does  not  affect  the  reaction.  Occasionally 
better  results  are  obtained  if  the  solution  of  osmic  acid  is  added  directly 
to  the  urine  before  the  addition  of  the  hydrochloric  acid.  If  the  urine 
under  examination  be  strongly  colored  or  of  high  specific  gravity  it 
should  first  be  treated  with  basic  lead  acetate  (one-eighth  volume). 
The  precipitate  is  then  removed  by  filtration  and  the  resulting  filtrate 
used  in  making  the  test  for  indican. 

4.  Rossi's  Reaction.— To  equal  volumes  of  concentrated  hydro- 
chloric acid  and  the  urine  under  examination,  in  3  test-tube,  add  i 
drop  of  a  10  per  cent  solution  of  ammonium  persulphate  and  3-3  c.c. 
of  chloroform.  Agitate  the  mixture  vigorously  and  note  the  color  of 
the  chloroform.  Compare  this  result  with  those  obtained  in  the  other 
indican  tests. 

5.  Lavelle's  Reaction. — To  10  c.c.  of  urine  in  a  test-tube  add  2-3 
c.c.  of  Obermayer's  reagent'  and  a  similar  volume  of  concentrated  sul- 

4  grams  of  ferric  chloride  to  a  liter  of 
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phuric  add,  (During  the  addition  of  the  add  the  tube  should  be  held 
under  running  water  in  order  that  the  temperature  of  the  mixture  may 
not  rise  too  high.)  Add  2-3  c.c.  of  chloroform,  shake  the  tube  vigor- 
ously, and  observe  the  depth  of  color  assumed  by  the  chloroform. 

The  sponsor  for  this  reaction  claims  it  to  be  the  most  satisfactory 
of  the  indican  tests. 

6.  Barberio's  Reaction.' — To  5  c.c.  of  the  urine  in  a  test-tube  add 
2-3  drops  of  a  sodium  nitrite  solution  (i  :  sooo)  and  mix  well  by  shaking. 
Now  add  5  c.c.  of  concentrated  hydrochloric  acid  and  2-3  c.c.  of  chloro- 
form and  again  shake.  Note  the  color  of  the  chloroform.  Compare 
this  test  with  tests  i  and  2  on  the  same  urine. 
CO.NH.CH^.COOH. 

/\ 
HIPPURIC  Acm,  .        I 

\/ 

This  add  occurs  normally  in  the  urine  of  both  the  carnivora  and 
.  herbivora  but  is  more  abundant  in  the  urine  of  the  latter.     It  is  formed 


by  a  synthesis  of  benzoic  add  and  glycocoU  which  takes  place  in  the 
kidneys.  The  average  excretion  of  an  adult  man  for  24  hours  under 
normal  conditions  is  about  0.7  gram,  Hippuric  add  crystallizes  in 
needles  or  rhombic  prisms  (see  Fig.  gy,  above)  the  particular  form 
depending  upon  the  rapidity  of  crystallization.  Pure  hippuric  acid 
melts  at  187°  C.  The  most  satisfactory  method  for  the  isolation  of 
hippuric  acid  from  the  urine  in  crystalline  form  is  that  proposed  by 
Roaf  (see  below).     It  is  easily  soluble  in  alcohol  or  hot  water,  and 

'  Barbcrio:  Policlinico,  No.  17,  igii. 


only  slightly  soluble  in  ether.  The  output  of  hippuric  acid  is  increased 
in  diabetes  owing  probably  to  the  ingestion  of  much  protein  and  fruit. 
It  is  decreased  in  fevers  and  in  certain  kidney  disorders  where  the  syn- 
thetic acti\'ity  of  the  renal  cells  is  diminished.  Hippuric  acid  may  be 
determined  quantitatively  by  means  of  Dakin's  methods  (see  p.  406). 

Experiments  on  Hippuric  Acid. 

I.  Separation  from  the  Urine,  (a)  First  Method. — Render  500- 
1000  c.c.  of  urine  of  the  horse  or  cow'  alkaline  with  milk  of  lime,  boil 
for  a  few  moments  and  filter  while  hot.  Concentrate  the  filtrate,  over 
a  burner,  to  a  small  volume.  Cool  the  solution,  acidify  it  strongly 
with  concentrated  hydrochloric  acid  and  stand  it  in  a  cool  place  for 
24  hours.  Filter  off  the  crystals  of  hippuric  acid  which  have  formed 
and  wash  them  with  a  little  cold  water.  Remove  the  crystals  from 
the  paper,  dissolve  them  in  a  very  small  amount  of  hot  water  and  per- 
colate the  hot  solution  through  thoroughly  washed  animal  charcoal, 
being  careful  to  wash  out  the  last  portion  of  the  hippuric  acid  solution 
with  hot  water.  Filter,  concentrate  the  filtrate  to  a  small  volume  and 
stand  it  aside  for  cr\-stallization.  Examine  the  crystals  under  the  micro- 
scope and  compare  them  with  those  in  Fig.  97,  page  300.  This  method 
is  not  as  satisfactory  as  Roaf's  method  (see  below). 

(6)  Roafs  Method. — Place  500  c.c.  of  urine  of  the  horse  or  cow' 
in  a  casserole  or  precipitating  jar  and  add  an  equal  volume  of  a  satu- 
rated solution  of  ammonium  sulphate^  and  7,5  c.c,  of  concentrated 
sulphuric  acid.  Permit  the  mixture  to  stand  for  twenty-four  hours  and 
remove  the  crystals  of  hippuric  add  by  filtration.  Purify  the  cr^'stals 
by  recrjstallization  according  to  the  directions  given  above  under  First 
Method.  Examine  the  crystals  under  the  microscope  and  compare 
them  with  those  given  in  Fig.  97,  p.  300. 

If  sufficient  urine  is  not  available  to  permit  the  use  of  500  c.c.  a 
smaller  volume  may  be  used  inasmuch  as  it  is  possible,  by  the  above 
technic,  to  isolate  hippuric  acid  in  crj'stallinc  form  from  as  small  a  voliome 
as  25-50  C.C.  of  herbivorous  urine.  The  greater  the  amount  of  ammon- 
ium sulphate  added  the  more  rapid  the  crystallization  until  at  the  sat- 
uration point  the  crystals  of  hippuric  acid  sometimes  form  in  about  ten 
minutes. 

'  1/  urine  of  the  horse  or  cow  is  not  available  human  urine  may  serve  the  purpose  fully 
as  well  provided  means  are  taken  to  increase  its  content  of  hippuric  acid.  Thia  mav  b« 
veniently  accomplished  by  ingesting  2  grams  of  ammonium  benzoate  at  night.  The 
fnurtioD  of  urine  passed  in  the  morning  will  be  found  to  have  a  high  content  of  hippuric  acid. 
The  ammonium  benzoate  is  in  no  way  harrof  ul.  In  case  aramonium  bensoate  is  not  avail- 
able sodium  benzoate  may  be  substituted. 

*  125  grams  o(  solid  ammonium  sulphate  may  be  substituted. 


vCjOoqL 


oogle 


302  PHYSIOLOGICAL    CHEMISTRY 

2.  Melting-point. — Determine  the  melting-point  of  the  hippuric  acid 
prepared  in  the  above  experiment  (see  p.  146). 

3.  Solubility.— Test  the  solubility  of  liippuric  acid  in  the  ordinary 
solvents  (page  37)  and  iu  alcohol,  and  ether. 

4.  Dehn's  Reaction. — Introduce  about  5  c,c.  of  the  urine  or  the 
solution  under  examination  into  a  test-tube  and  add  sufficient  hypo- 
bromite  solution^  to  impart  to  the  mixture  a  permanent  yellow  color. 
In  the  case  of  urine  cnodgh  hypobromite  should  be  added  to  decom- 
pose the  urea.  Heat  the  mixture  to  boihng  and  note  the  formation 
of  an  orange  or  brown-red  precipitate  if  hippuric  acid  is  present.  If 
the  solution  under  examination  contains  only  a  trace  of  hippuric  acid 
the  solution  will  appear  smoky  and  faintly  red  in  color,  whereas  if  a 
larger  amount  of  the  acid  be  present  the  solution  will  become  opaque 
and  of  an  orange  or  brown-red  color.  In  either  case  after  standing 
for  some  time  the  solution  should  clear  up  and  a  light,  finely  divided 
precipitate  should  be  deposited.  This  precipitate  consists  of  earthy 
phosphates  mixed  with  an  amorphous  orange  or  brown-red  substance 
of  unknown  composition.  (For  some  unknown  reason  this  reaction 
does  not  always  yield  satisfactory  results  even  on  pure  hippuric  acid 
solution.) 

S-  Formation  of  Nitro-Benzene. — To  a  little  hippuric  acid  in  a  small 
porcelain  dish  add  1-2  c.c,  of  concentrated  HNOj  and  evaporate  to 
dryness  on  a  water-bath.  Transfer  the  residue  to  a  dry  test-tube,  apply 
heat,  and  note  the  odor  of  the  artificial  oil  of  bitter  almonds  (nitro- 
benzene). 

6.  Sublimation. — Place  a  few  crystals  of  hippuric  add  in  a  dry  test- 
tube  and  apply  heat.  The  crystals  are  reduced  to  an  oily  fluid  which 
solidifies  in  a  crj-stalline  mass  upon  cooling.  When  stronger  heat  is 
applied  the  liquid  assumes  a  red  color  and  finally  yields  a  sublimate  of 
benzoic  acid  and  the  odor  of  hydrocyanic  acid. 

7.  Fonnation  of  Ferric  Salt. — Render  a  small  amount  of  a  solution 
of  hippuric  acid  neutral  with  dilute  potassium  hydroxide.  Now  add 
1—3  drops  of  neutral  ferric  chloride  solution  and  note  the  formation  of 
the  ferric  salt  of  hippuric  acid  as  a.  cream  colored  precipitate. 

COOH 
OXALIC  Acm,  I 

COOH 

Oxalic  acid  is  a  constituent  of  normal  urine,  about  0.02  gram  being 
eliminated  in  24  hours.  It  is  present  in  the  luine  as  calcium  oxalate, 
which  is  kept  in  solution  through  the  medium  of  the  acid  phosphates. 
The  origin  of  the  oxalic  acid  content  of  the  urine  is  not  well  undcr- 

'  Sec  note  on  p.  jpi. 
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stood.  It  is  eliminated,  at  least  in  part,  unchanged  when  ingested,  there- 
fore ance  many  ot  the  common  articles  of  diet,  e.  g.,  asparagus,  apples, 
cabbage,  grapes,  lettuce,  spinach,  tomatoes,  etc.,  contain  oxalic  acid  it 
seems  probable  that  the  ingested  food  supplies  a  portion  of  the  oxalic 
acid  found  in  the  urine.  There  is  also  experimental  evidence  that  part 
of  the  oxalic  acid  of  the  urine  is  formed  within  the  organism  in  the 
course  of  protein  and  fat  metabolism.  It  has  also  been  suggested  that 
oxalic  acid  may  arise  from  an  incomplete  combustion  of  carbohydrates, 
especially  under  certain  abnormal  conditions.  Pathologically,  oxalic 
acid  is  found  to  be  increased  in  amount  in  diabetes  mellitus,  in  organic 
diseases  of  the  liver,  and  in  various  other  conditions  which  are  accom- 
panied by  a  derangement  of  the  oxidation  mechanism.  An  abnormal 
increase  of  oxalic  acid  is  termed  oxaluria.  A  considerable  increase  in 
the  content  of  oxalic  acid  may  be  noted  unaccompanied  by  any  other 
apparent  symptom.  Calcium  oxalate  crystallizes  in  at  least  two  distinct 
forms,  dumb-bells  and  oclahedra  (Fig.  104,  page  363). 

Experiments. 

Preparation  of  Calcium    Oxalate.    First   Method.— VX&ce  200-250 

c.c.  of  urine  in  a  beaker,  add  5  c,c.  of  a  saturated  solution  of  calcium 
chloride,  make  the  urine  slightly  add  with  acetic  acid,  and  stand  the 
beaker  aside  in  a  cool  place  for  24  hours.  Examine  the  sediment  under 
the  microscope  and  compare  the  crystalline  forms  with  those  shown  in 
Fig.  104.  p.  363' 

Second  Method. — Proceed  as  above,  replacing  the  acetic  acid  by  an 
excess  of  ammoniiun  hydroxide  and  filtering  off  the  precipitate  of  phos- 
phates, 

NEUTRAL  SULPHUR  COMPOUKD 

Under  this  head  may  be  classed  such  bodies  as  cystine  (see  p.  8c), 
chondroilin- sulphuric  acid,  oxyproteic  acid,  alloxyproteic  acid,  uroferric 
acid,  thiocyanates  and  taurine  derivatives.  The  sulphur  content  of  the 
bodies  just  enumerated  is  generally  termed  loosely  combined  or  neutral 
sulphur  in  order  that  it  may  not  be  confused  with  the  acid  sulphur  which 
occurs  in  the  inorganic  sulphuric  acid  and  ethereal  sulphuric  acid  forms. 
Ordinarily  the  neutral  sulphur  content  of  normal  human  urine  is  14-20 
per  cent  of  the  total  sulphur  content. 

NH.CH.NH 


ALLAMTOIW,   OC  CO. 

NH.CO  NH 
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Allantoin  has  been  found  in  the  urine  of  suckling  calves  as  well 
as  in  that  of  the  dog  and  cat,  rabbit,  monkey,  horse  and  man,'  It  has 
also  been  detected  in  the  urine  of  infants  within  the  first  eight  days  after 
birth,  as  well  as  in  the  urine  of  adults.  It  is  more  abundant  in  the  urine 
of  women  during  pregnancy.  Underbill  also  reports  the  presence  of 
allantoin  in  the  urine  of  fasting  dogs,  an  observation  which  makes  it 
probable  that  allantoin  is  a  constant  constituent  of  the  urine  of  such 
animals.  Allantoin  is  formed  by  the  oxidation  of  uric  acid  and  the  out- 
put is  increased  by  the  feeding  of  thymus  or  pancreas  to  lower  animals. 
In  fact  allantoin  is  considered  to  be  the  principal  end-product  of  purine 
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FlO.   gS. — AtLANTOIN. 

a  and  6,  Forms  in  which  it  crystallized  from  the  ui 


r  Cat's  Urike. 

:,  recrystallized  allanloln.     (Dratra 


from  micro-photographs  furnished  by  Prof.  Lafayette  B.  Mendel  of  Yale  University.) 


metabolism  in  such  animals.  Notwithstanding  certain  evidence*  favor- 
ing this  view  it  is  not  generally  believed  that  allantoin  is  an  important 
end-product  of  purine  metabolism  in  man.  When  pure  it  crystallizes 
in  prisms  (Fig.  98,  above)  and  when  impure  in  granules  and  knobs. 
Pathologically,  it  has  been  fomid  increased  in  diabetes  insipidus  and  in 
hysteria  with  convulsions  (Pouchet).  Mendel  and  Dakin*  have  recently 
shown  that  allantotn  is  optically  inactive  notwithstanding  the  fact  that  it 
contains  an  asymmetric  carbon  atom.  This  ]ihenomenon  they  believe  to 
be  due  to  tautomeric  change.  Wiechowski  has  suggested  an  excellent 
method  for  the  quantitative  determination  of  allantoin.* 

'  Wiechowski;  Biockemische  Zetlschrift,  19,  368,  ipog- 
*  Ascher:  Biaehemuchc  Ztiliekrift,  16, 37-0,  igio;  Kturhall  and  Hawk 
Soc.,34,  Si6,  igii. 

•Mendel  and  Dakin:  Jaur.  Bwl.  Ckem.,  7,  1S3,  1910. 
<  Wiechowski:  Biochcmisehe  Zdlsckrifl,  xg,  36S,  igog. 


Experiments. 

1.  Separation  from  the  Urine.'  Meissner's  Method. — Precipitate 
the  urine  with  baryta  water.  Neutralize  the  filtrate  carefully  with  dilute 
sulphuric  acid,  filter  untnediately,  and  evaporate  the  filtrate  to  incipient 
crystallization.  Completely  precipitate  this  warm  fluid  with  95  per 
cent  alcohol  (reserve  the  precipitate).  Decant  or  filter  and  precipitate 
the  solution  by  ether.  Combine  the  ether  and  alcohol  precipitates 
and  extract  with  cold  water  or  hot  alcohol;  allantoln  remains  undis- 
solved.    Bring  the  allantoln  into  solution  in  /tot  water  and  recrystallize. 

Allantoln  may  be  determined  quantitively  by  the  Paduschka-Under- 
hill-Kleiner  method  (see  p.  432)  or  by  Loewi's  method.' 

3.  Preparation  from  Uric  Acid. — Dissolve  4  grams  of  uric  add  in 
100  c.c.  of  water  rendered  alkaline  with  potassiimi  hydroxide.  Cool 
and  carefully  add  3  grams  of  potassium  permanganate.  Filter,  immedi- 
ately acidulate  the  filtrate  with  acetic  acid  and  allow  it  to  stand  in  a  cool 
place  over  night.  Filter  off  the  crystals  and  wash  them  with  water. 
Save  the  wash  water  and  filtrate,  unite  them  and  after  concentrating  to 
a  small  volume  stand  away  for  crystallization.  Now  combine  all  the 
crystals  and  recrystallize  them  from  hot  water.  Use  these  crystals  in 
the  experiments  which  follow. 

3.  Microscopical  Ezamination.— Examine  the  cr>-stals  made  in 
the  last  experiment  and  compare  them  with  those  shown  in  Fig.  98,  page 
304- 

4.  Solubility.— Test  the  solubility  of  allantoln  in  the  ordinary  solvents 
(page  27). 

5.  Reaction. — Dissolve  a  cr>'stal  in  water  and  test  the  reaction  to 
litmus. 

6.  Fuifurol  Test — Place  a  few  crystals  of  allantoin  on  a  test-tablet 
or  in  a  porcelain  dish  and  add  1-2  drops  of  a  concentrated  aqueous 
solution  of  furfurol  and  1-2  drops  of  concentrated  hydrochloric  add. 
Observe  the  formation  of  a  yellow  color  which  turns  to  a  light  purple  if 
allowed  to  stand.    This  test  is  given  by  urea  but  not  by  uric  acid. 

7.  Murezide  Test — Try  this  test  according  to  the  directions  gjven 
on  page  292.     Note  that  aiiantoin  fails  to  respond. 

8.  Reduction  of  Fehling's  Solution. — Make  this  test  in  the  usual 
way  (seep.  32)  except  that  the  boiling  must  be  prolonged  and  excessive. 
Ultimately  the  allantoln  will  reduce  the  solution.  Compare  with  the 
result  on  uric  acid,  page  293. 
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AROHATIC  OXTACmS. 

Two  of  the  most  impoTtant  of  the  oxyadds  are  paraoxyphenyl-ac^ic 
acid, 

CHj.COOH, 
/\ 

\/ 
OH 


and  paraoxyphenyl-pTopionic  add, 

CH,.CHi.COOH. 

/\ 

\/ 
OH 

They  are  products  of  the  putrefaction  of  protein  material  and  tyrosine 
is  an  intennediate  stage  in  their  formation.  Both  these  adds  for  the 
most  part  pass  unchanged  into  the  urine  where  they  occur  normally  in 
very  small  amount  The  content  may  be  increased  in  the  same  manner 
as  the  phenol  content,  in  particular  by  acute  phosphorus  poisoning.  A 
fraction  of  the  total  aromatic  oxyadd  content  of  the  urine  is  in  combi- 
nation with  sulphuric  add,  but  the  greater  part  is  present  in  the  form 
of  salts  of  sodium  and  potassium. 

Bomogentisic  Acid  or  di-oxyphenyl-acetic  add, 

OH 

/\. 

CHi-COOH, 
\/ 
OH 

is  another  important  oxyadd  sometimes  present  in  the  urine.  Under  the 
name  glycosuric  acid  it  was  first  isolated  from  the  urine  by  Prof.  John 
Marshall  of  the  University  of  Pennsylvania;  subsequently  Baumann 
isolated  it  and  determined  its  chemical  constitution.  It  occurs  in  cases 
of  aicaptonuria.  A  urine  containing  this  ox>'add  turns  greenish-brown 
from  the  surface  downward  when  treated  with  a  little  sodium  hydroxide 
or  ammonia.  If  the  solution  be  stirred  the  color  very  soon  becomes  dark 
brown  or  even  black.  Homogentisic  acid  reduces  alkaline  copper  solu- 
tions but  not  alkaline  bismuth  solutions.  Uroleucic  acid  is  similar  in 
its  reactions  to  homogentisic  acid. 

Oxymandelic  Acid  or  paraoxj-phenyl-glycoUc  add. 
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CH(OH).COOH, 

LS  been  detected  in  the  urine  in  cases  of  yellow  atrophy  of  the  liver, 
Kynurenic  Add  or  r-oxy-;J-qmnoIine  carbonic  acid, 
CH    COH 


HC     C      C.COOH, 

I     II      ! 

HC    C      CH 

CH  N 

is  present  in  the  urine  of  the  dog  and  has  recently  been  detected  by 
Swain  in  the  urine  of  the  coyote.  To  isolate  it  from  the  urine  proceed 
as  follows:  Acidify  the  urine  with  hydrochloric  acid  in  the  proportion 
1  :as.  From  this  add  fluid  both  the  uric  add  and  the  kynurenic  add 
separate  in  the  course  of  24-48  hours.  Filter  ofE  the  combined  crys- 
talline deposit  of  the  two  adds,  dissolve  the  kynurenic  add  in  dilute 
ammonia  (uric  add  is  insoluble),  and  repredpitate  it  with  hydrochloric 
add. 

Kynurenic  add  may  be  quantitatively  determined  by  Capatdi's 
method.' 

COOK. 

BENZOIC  ACm,  I 


\y 


Benzoic  add  has  been  detected  in  the  urine  of  the  rabbit  and  dog.  It  is 
also  said  to  occur  in  human  urine  accompanying  renal  disorders.  The 
benzoic  add  probably  originates  from  a  fermentative  decomposition  of  the 
hippuric  add  of  the  urine. 

Experiments. 

1.  Solubility.^Test  the  solubility  of  benzoic  add  in  water,  alcohol, 
and  ether. 

2.  Ciystalline  Form.— Recrystallize  some  benzoic  add  from  hot 
water,  examine  the  crystals  under  the  microscope,  and  compare  them 
with  those  reproduced  in  Fig.  99,  p.  308, 

3.  Sublimation. — Place  a  little  benzoic  add  in  a  test-tube  and  heat 

^  ZeUschriflJUr  physwlogisclK  Chimir,  ij,  53,  1897. 
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over  a  flame.     Sole  the  odor  whidi  is  evotved  and  obsene  that  the  acid 

s  in  the  form  o(  needles. 

4-  Dissit^'e  a  little  sodium  benzoate  in  water  and  add  a.  sohitioa 

oj  neutral  (enic  chloride.     Xote  the  production  of  a  broimish-yellow 

precipitate  (5alic>'hc  add  gives  a  reddish-\iolet  color  under  the  same 

k).    Add  ammoQtum  hydroxide  to  some  of  the  precipitate. 

It  dissoh'es  and  ferric  hydroxide  is  formi-d.     Add  a  httle  h\'drochlcHic 


Ftft.  gg.— BE.-iK>lc  .\c». 

add  to  another  portion  of  the  original  predpitate  and  stand  the  \-essel 
away  o\'er  night.    What  do  you  observe? 

IfDCLEOPSOTEIB, 

The  nubecula  of  normal  urine  has  been  shown  by  one  investigator 
to  consist  of  a  mucoid  containing  12.7  per  cent  of  nitrogen  and  2,3 
per  cent  of  sulphur.  This  body  e\-idcntly  originates  in  the  urinary 
passages.  It  is  probably  slightly  soluble  in  the  urine.  Some  investiga- 
tors believe  that  the  body  fonning  the  nubecula  of  nonnal  urine  is  nudeo- 
protein  and  not  a  mudn  or  mucoid  as  staled  above.  A  discufdon  of 
nucleoprotdn  and  related  bodies  occurring  in  the  urine  under  pathological 
conditions  will  be  found  on  page  339. 

NH— CO 

OXAHJRIC    ACID,  CO 

NHi    COOH. 

Oxaluric  add  is  not  a  constant  constituent  of  nonnal  human  urine, 
and  when  foimd  ocairs  only  in  traces  as  the  ammonium  salt.  Upon 
boiling  oxaluric  add  it  splits  into  oxalic  acid  and  l 


ENZYMES. 

Various  types  of  enzymes  produced  witHn  the  organism  are  excreted 
in  both  the  feces  and  the  urine.  In  this  connection  it  is  interesting  to 
note  that  pepsin,  gastric  rennin,  and  an  amyiase  have  been  positively 
identified  in  the  urine.  The  occurrence  of  trypsin  in  the  urine,  at  least 
under  normal  conditions,  is  questioned. 

VOLATILE  FATTY  ACIDS, 

Acetic,  butyric,  and  formic  adds  have  been  found  under  normal 
conditions  in  the  urine  of  man  and  of  certain  camivora  as  well  as  in  the 
urine  of  herbivora.  Normally  they  arise  principally  from  the  fennenta- 
tion  of  carbohydrates  and  the  putrefaction  of  proteins.  The  acids  con- 
taining the  fewest  carbon  atoms  (formic  and  acetic)  are  found  to  be  pres- 
ent in  larger  percentage  than  those  which  contain  a  larger  number  of 
such  atoms.  The  volatile  fatty  acids  occur  in  normal  urine  in  traces, 
the  total  output  for  twenty-four  hours  according  to  different  investigators 
varying  from  o,ooS  gram  to  0,05  gram. 

Pathologically,  the  excretion  of  volatile  fatty  acids  is  increased  in 
diabetes,  fevers,  and  in  certain  hepatic  diseases  in  which  the  parenchyma 
of  the  liver  is  seriously  aSected.  Under  other  pathological  conditions  the 
output  may  be  diminished.  These  variations,  however,  in  the  excretion 
of  the  volatile  fatty  acids  possess  very  little  diagnostic  value. 

I 
PARALACTIC  ACID  CH(OH) 
I 
COOH. 

Paralactic  acid  is  supposed  to  pass  into  the  urine  when  the  supply 
of  oxygen  in  the  organism  is  diminished  through  any  cause,  e.  g.,  after 
acute  yellow  atrophy  of  the  liver,  acute  phosphorus  poisoning,  or  epi- 
leptic attacks.  This  acid  has  also  been  found  in  the  urine  of  healthy 
persons  following  the  physical  exercise  incident  to  prolonged  marching. 
L  Paralactic  add  has  been  detected  in  the  urine  of  birds  after  the  removal 

B  of  the  liver.     Underbill  reports  the  occurrence  of  this  add  in  the  urine 

K  of  a  case  of  pernicious  vomiting  of  pregnancy. 


\ 


CH,,CO.NH.CH,.COOH. 


PHEnACETUBIC  ACID, 


'henaceturic  acid  occurs  prindpally  in   the  urine  of  herbivorous 
animals  but  has  frequently  been  detected  in  human  urine.     It  is  pro- 
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duced  in  the  organism  through  the  synthesis  of  glycocoU  and  phenyl- 
acetic  add.  It  may  be  decomposed  into  its  component  parts  by  boiling 
with  dilute  mineral  adds.  The  crystalline  fonn  of  phenaceturic  add 
(small  rhombic  plates  with  rounded  angles)  resembles  one  form  of  uric 
add  crystal. 

PHOSPHORIZBD  COHPOUIfDS. 

Phosphorus  in  organic  combination  has  been  fotmd  in  the  urine 
in  such  bodies  as  glycerophosphoric  add,  which  may  arise  from  the 
decomposition  of  ledthin,  and  phosphocamic  add.  It  is  daimed  that 
on  the  average  about  2.5  per  cent  of  the  total  phosphorus  elimination 
is  in  organic  combination. 

piGHEirrs. 

There  are  at  least  three  pigments  normally  present  in  human  urine. 
These  pigments  are  urochrome,  urobilin,  and  uroerytkrin. 

k.  DROCHROHE. 

This  is  the  prindpal  pigment  of  normal  urine  and  imparts  the  diar- 
acteristic  yellow  color  to  that  fluid.  It  is  apparently  dosely  related  to 
its  assodated  pigment  urobilin  since  the  latter  may  be  readily  converted 
into  urochrome  through  evaporation  of  its  aqueous  ether  solution.  Uro- 
chrome may  be  obtained  in  the  form  of  a  brown,  amorphous  powder 
which  is  readily  soluble  in  water  and  95  per  cent  alcohol.  It  is  less 
soluble  in  absolute  alcohol,  acetone,  amyl  alcohol,  and  acetic  ether  and 
insoluble  in  benzene,  chloroform,  and  ether.  Urochrome  is  said  to  be  a 
nitrogenous  body  (4.2  per  cent  nitrogen),  free  from  iron. 

B.  UROBILIN. 

UrobiUn,  which  was  at  one  time  considered  to  be  the  prindpal  pig- 
ment of  urine,  in  reality  contributes  little  toward  the  pigmentation  of 
this  fluid.  It  is  daimed  that  no  urobilin  is  present  in  freshly  voided  nor- 
mal urine  but  that  its  precursor,  a  chromogen  called  urobilinogen,  is 
present  and  gives  rise  to  urobilin  upon  decomposition  through  the  in- 
fluence of  light.  It  is  daimed  by  some  investigators  that  there  are  various 
forms  of  urobilin,  e.  g.,  normal,  febrile,  physiological,  and  pathological. 
Urobilin  is  said  to  be  very  similar  to,  if  not  absolutely  identical  with, 
hydrobilirubiu  (see  page  179). 

Urobilin  may  be  obtained  as  an  amorphous  powder  which  varies 
in  color  from  brown  to  reddish-brown,  red  and  reddish-yellow,  depend- 
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ing  upon  the  way  in  which  it  is  prepared.  It  is  ea^y  soluble  in  ethyl 
alcohol,  amyl  alcohol,  and  chlorofonn,  and  slightly  soluble  in  ether, 
acetic  ether,  and  in  water.  Its  solutions  show  characteristic  absorption- 
bands  (see  Absorption  Spectra,  Plate  II).  Under  normal  conditions 
urobilin  is  derived  from  the  bile  pigments  in  the  intestine. 

Urobilin  is  increased  in  most  acute  infectious  diseases  such  as  ery- 
sipelas,  malaria,  pneumonia,  and  scarUt  fever.  It  is  also  increased  in 
appendicitis,  carcinoma  of  the  liver,  catarrkal  ictertts,  pernicious  anamia, 
and  in  cases  of  poisoning  by  antifebrin,  antipyrin,  pyridin,  and  potas- 
sium chlorate.  In  general  it  is  usually  increased  when  blood  destruction 
is  excessive  and  in  many  disturbances  of  the  liver.  It  is  markedly 
decreased  in  phosphorus  poisoning. 

Experiments. 

1.  Spectroscopic  Emnination.— Acidify  the  urine  with  hydro- 
chloric acid  and  allow  it  to  remain  exposed  to  the  air  for  a  few  moments. 
By  this  means  if  any  urobilinogen  is  present  it  will  be  transformed  into 
urobilin.  The  urine  may  now  be  examined  by  means  of  the  spectro- 
scope. If  urobilin  is  present  in  the  fiuid  the  characteristic  absorption- 
band  lying  between  b  and  F  will  be  observed  (see  Absorption  Spectra, 
Plate  II).  It  may  be  found  necessary  to  dilute  the  urine  with  water 
before  a  distinct  absorption-band  is  observed.  This  test  may  be  modi- 
fied by  acidifying  10  c.c.  of  urine  with  hydrochloric  acid  and  shaking  it 
gently  with  5  c.c.  of  amyl  alcohol.  The  alcoholic  extract  when  examined 
spectroscopically  will  show  the  characteristic  urobilin  absorption-band. 
(Note  the  spectroscopic  examination  in  the  next  experiment.) 

2.  Anunoniacal-zinc  Chloride  Test — Render  some  of  the  urine 
ammoniacal  by  the  addition  of  ammonium  hydroxide,  and  after  allowing 
it  to  stand  a  short  time  filter  of!  the  precipitate  of  phosphates  and  add 
a  few  drops  of  zinc  chloride  solution  to  the  filtrate.  Observe  the  pro- 
duction of  a  greenish  fluorescence.  Examine  the  fluid  by  means  of  the 
spectroscope  and  note  the  absorption-band  which  occupies  much  the 
same  position  as  the  absorption-band  of  urobilin  in  acid  solution  (see 
Absorption  Spectra,  Plate  II). 

3.  Gerhardt's  Test — To  20  c.c.  of  urine  add  3-5  c.c.  of  chloro- 
fonn and  shake  well.  Separate  the  chloroform  extract  and  add  to 
it  a  few  drops  of  iodine  solution  (I  in  KI).  Render  the  mixture  alka- 
line nith  dilute  solution  of  potassium  hydroxide  and  note  the  produc- 
tion of  a  yellow  or  yellowish-brown  color.  The  solution  ordinarily 
exhibits  a  greenish  fluorescence. 

4.  Wirsiiig*s  Test — To  20  c.c.  of  urine  add  3-5  c.c.  of  chloroform 
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and  shake  gently.  Separate  the  chloroform  extract  and  add  to  it  a 
drop  of  an  alcoholic  solution  of  zinc  chloride.  Note  the  rose-red  color 
and  the  greenish  fluorescence.  If  the  solution  is  turbid  it  may  be  ren- 
dered clear  by  the  addition  of  a  few  c.c.  of  absolute  alcohol. 

5.  Ether -absolute  Alcohol  Test. — Mix  urine  and  pure  ether  in  equal 
volumes  and  shake  gently  in  a  separatory  funnel.  Separate  the  ether 
extract,  evaporate  it  to  dryness,  and  dissolve  the  residue  in  2-3  c.c.  of 
absolute  alcohol.  Note  the  greenish  fluorescence.  Examine  the  solu- 
tion spectroscopically  and  observe  the  characteristic  absorption-band 
(see  Absorption  Spectra,  Plate  II). 

6.  Ril^  Test. — -Acidify  25  c.c.  of  urine  with  2-3  drops  of  concen- 
trated hydrochloric  acid,  add  $  c.c.  of  chloroform  and  shake  the  mix- 
ture. Separate  the  chloroform,  place  it  in  a  test-tube,  and  add  care- 
fully 3-5  c.c.  of  an  alcoholic  solution  of  zinc  acetate.  Observe  the 
formation  of  a  green  ring  at  the  zone  of  contact  of  the  two  fluids.  If 
the  tube  is  shaken  a  fluorescence  may  be  observed. 

C.  tntOEBYTHRIN. 
This  pigmcrkt  is  frequently  present  in  small  amount  in  normal  urine. 
The  red  color  of  urinary  sediments  is  due  in  great  part  to  the  presence 
of  uroerj'thrin.  It  is  easily  soluble  in  amyl  alcohol,  slightly  soluble  in 
acetic  ether,  absolute  alcohol,  or  chloroform,  and  nearly  insoluble  in 
water.  Dilute  solutions  of  uroerythrin  are  pink  in  color  while  concen- 
trated solutions  are  orange-red  or  bright  red;  none  of  its  solutions  fluor- 
esce. Uroerythrin  is  increased  in  amount  after  strenuous  physical  exer- 
cise, digestive  disturbances,  fevers,  certain  liver  disorders,  and  in  various 
other  pathological  conditions. 

PTOMAIMES  AND  LEDCOMAIHES. 

These  toxic  substances  are  said  to  be  present  in  small  amount  in 
normal  urine.  Very  little  is  known,  definitely,  however,  about  them. 
It  is  claimed  that  five  different  poisons  may  be  detected  in  the  uriue, 
and  it  is  further  stated  that  each  of  these  substances  produces  a  spe- 
cific and  definite  symptom  when  injected  intravenously  into  a  rabbit. 
The  resulting  symptoms  are  narcosis,  salivation,  mydriasis,  paralysis, 
and  convulsions.  The  day  urine  is  principally  narcotic  and  is  3-4  times 
as  toxic  as  the  night  urine  which  is  chiefly  productive  of  convulsions. 

PURHIE  BASES. 

The  purine  bases  found  in  human  urine  are  adenine,  carnine,  epi- 
guanine,  episarkine,  guanine,  xanthine,  hcteroxanthine,  hypoxanthine, 
Daraxanthine,  and   i-methyhan thine.     The  main  bulk  of  the  purine 
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sad  i-mteliyaimBiamr  itincii  xrr  darrvd  icir  ilv-  iDiis3  pan  irmi  die  cai- 

cxMil^i  k  madt  i^  cfl  liie  proODctf  «  nro  msdan  f  ctnitc  cd  joeuHs^snu 
L  c.  meoifunsm  d  ingEOed  midland  xod  pimi>e>  and  skKabaEsn  vfl 
triMir  ""'••■""  Twatfial  Piiilnf  liKse  Te^sHoB^  irooi  ^te  sts3  Kmi  <fl 
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the  seccnd  ianc  cd  sieSxbafian  are  saSd  u>  be  oi  t^tdnprmims  -an^n.  TW 
dafir  cnrtpuT  of  j'n'i'*'  bases  bj  tbe  Tiiii>e  is  ercroDeh'  fanaU  and  varies 
gicath-  imh  ihe  iDtSridca]  j6-6o  TnilSgramr.  .  The  aoTpai  »  iiK3«k£«d 
sfter  lie  icgesQuD  of  nocieiD  material  a>  »eQ  a>  afiw  lie  iiicrMiiiKJ  de^ 
stroctSoD  erf  leocxtfjiesu  A  m^-maiiod  increai*  atVicrgiazue^  Imtrou. 
EdsaH  hii  ibovs  thai  the  OQtpat  erf  puriDr  base^  In-  ibe  imne  k^  ia- 
(Tcased  af  a  result  ce  X-iay  treatSMst. 

1.  Foonalioa  at  Ibe  Sifcr  Saltc—Add  an  excess  of  mu^acaa  xaix- 
tme'  to  2S  cc  c^'  misf .  FUter  ofi  tbc  {uvdpitatr  aad  add  uozcKaiiaca] 
sh'CT  sohitioa-  to  the  nltiaie.  A  prea;»tate  cconpoMd  of  tbe  ah-vs-  salts 
ot  the  vaiious  pminc  bases  is  pmdnced.  Tbe  puriDC  hifvs  may  be 
detenmned  qiiantilati\-el>-  by  means  oi  Es^ger  and  Sdunidi's  metlKvl 
(sec  p.  429.1.  or  Welter's  method  (see  p.  52SV 

2.   Itw^iiir  Wiyianlngiral  PjaKlilii^Trtg 


Xext  to  urea,  ammonia  is  the  most  important  of  the  nitrogenous 
end-products  of  protdn  metabolifim.  Ordinarih-  about  ^.5-4-5  per 
cent  of  the  total  nitrogeo  of  the  tiiine  b  diminated  as  anumma  and 
on  the  average  this  would  be  about  0.7  gram  per  day.  Vndtr  normal 
amditions  the  ammonia  is  present  in  the  mine  in  the  fonn  of  the  iU«nif, 
fkotphaU,  or  mlpkaU.  This  is  due  to  the  fact  that  combinations  of  this 
sort  are  not  oxidized  in  the  organism  to  form  urea,  but  are  excreted  as 
sudL  This  explains  the  increase  in  the  output  as  ammonia  which  fol- 
kurs  the  administration  of  the  ammonium  salts  of  the  mineral  adds 
or  of  the  adds  themselves.  On  the  other  hand,  when  ammonium  ace- 
tate and  many  other  ammooium  salts  of  certain  organic  adds  are  ad- 
ministered no  increase  ui  the  output  of  ammonia  occurs  since  the  salt 
is  oxidized  and  its  nitrogen  ultimately  appears  in  the  urine  as  urea. 

■Ifagncsa  miiture  may  be  prepared  as  follow?:  Disfolve  175  fjuas  of  MjtSO,  «nd 
3$ap»anof  NUtClin  1400 c.c.  of  distDled  water.  Add  700 f:run!i of  i:nni.'«nu-*teii  NHiOH. 
BOX  my  thoroughly  and  preserve  the  miiture  in  a  gU.'^-^ltipprred  buttle. 

*  Aiiui)oiilaca.1  silver  solutioQ  may  be  prepared  according  to  direirtion^  fpvm  on  pafce  ^.t.i. 
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Recent  experiments'  indicate  that  the  nitrogen  in  food  protein  may  in 
part  be  replaced  by  ammonium  salts. 

Copious  water  drinking  increases  the  ammonia  output.  This  fact  has 
been  interpreted  as  indicating  a  stimulation  of  the  gastric  secretion.' 

The  acids  formed  during  the  process  of  protein  destruction  within 
the  body  have  an  influence  upon  the  excretion  of  ammonia  similar  to 
that  exerted  by  acids  which  have  been  administered.  Therefore  a 
pathological  increase  in  the  output  of  ammonia  is  observed  in  such 
diseases  as  are  accompanied  by  an  increased  and  imperfect  protein 
metabolism,  and  especially  in  diabetes,  in  which  disease  diacetic  acid 
and  /?-oxybutyric  add  are  found  in  the  urine  in  combination  with 
the  ammonia. 

As  the  result  of  recent  experiments  Folin  claims  that  a  pronounced 
decrease  in  the  extent  of  protein  metabolism,  as  measured  by  the  total 
nitrogen  in  the  urine,  is  frequently  accompanied  by  a  decreased  elim- 
ination of  ammonia.  The  ammonia  elimination  is  therefore  probably 
determined  by  other  factors  than  the  total  protein  catabolism  as  such. 
Furthermore,  he  believes  that  a  decided  decrease  in  the  total  nitrogen 
excretion  is  always  accompanied  by  a  relative  increase  in  the  ammonia- 
nitrogen,  provided  the  food  is  of  a  character  jielding  an  alkaline  ash. 

The  quantitative  determination  of  ammonia  must  be  made  upon 
the  fresh  urine  since  upon  standing  the  normal  urine  will  undergo  am- 
moniacal  fermentation  (see  page  276). 


Sulphates. 

Sulphur  in  combination  is  excreted  in  two  forms  in  the  urine;  first, 
as  loosely  combined,  uiioxidized  or  neutral  sulphur,  and,  second,  as  oxidized 
or  acid  sulphur.  The  loosely  combined  sulphur  is  excreted  mainly  as 
a  constituent  of  such  bodies  as  cystine,  cysteine,  taurine,  hydrogen 
sulphide,  ethyl  sulphide,  thiocyanates,  sulphonic  adds,  oxyproteic  add, 
alloxyproteic  acid,  and  urofcrric  acid.  The  amount  of  loosely  com- 
bined sulphur  eliminated  is  in  great  measure  independent  of  the  extent 
of  protein  decomposition  or  of  the  total  sulphur  excretion.  In  this 
characteristic  it  is  somewhat  similar  to  the  excretion  of  creatinine.  The 
oxidised  sulphur  is  eliminated  in  the  form  of  sulphuric  add,  prindpally 
as  salts  of  sodium,  potassium,  calciiun,  and  magnesium;  a  relatively 
small  amount  occurs  in  the  form  of  ethereal  sulphuric  acid,  i.  e.,  sulphuric 
acid  in  combination  with  such  arom-atic  bodies  as  phenol,  indole, skatole. 
cresol,  pyrocatcchin,  and  hydroquinone.     Sulphuric  acid  in  combination 

Grafe  and  SchlSpfer;  Zcil.  pkyn'ol.  chcm.,  77,  i,  igri,  experiments  by  Abderhaldeo  in 

(Journal. 

WilU  and  Hawk:  Jour.  Biol.  Clitm.,  9,  six,  191 1  (Proceedings). 
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with  Na,  K,  Ca  or  Mg  is  sometimes  termed  inorganic  or  preformed  sul- 
phuric acid,  whereas  the  ethereal  sulphuric  acid  is  sometimes  called 
conjugate  sulphuric  acid.  The  greater  part  of  the  sulphur  is  eliminated 
in  the  oxidized  form,  but  the  absolute  percentage  of  sulphur  excreted 
as  the  preformed,  ethereal  or  loosely  combined  type  depends  upon  the 
total  quantity  of  sulphur  present,  *.  e.,  there  is  no  definite  ratio  between 
the  three  forms  of  sulphur  which  will  apply  under  aU  conditions.  The 
preformed  sulphuric  acid  may  be  precipitated  directly  from  acidified 
urine  with  BaCh,  whereas  the  ethereal  sulphuric  acid  must  undergo  a 
preliminary  boiling  in  the  presence  of  a  mineral  acid  before  it  can  be  so 
precipitated. 

The  sulphuric  acid  excreted  in  the  urine  arises  principally  from 
the  oxidation  of  protein  material  within  the  body;  a  relatively  small 
amount  is  due  to  ingested  sulphates.  Under  normal  conditions  about 
2.5  grams  of  sulphuric  add  are  eliminated  daily.  Since  the  sulphuric 
add  content  of  the  urine  has,  for  the  most  part,  a  protdn  origin  and 
since  one  of  the  most  important  constituents  of  the  protein  molecule 
is  nitrogen,  it  would  be  reasonable  to  suppose  that  a  fairly  definite  ratio 
might  exist  between  the  excretion  of  these  two  elements.  However, 
when  we  appreciate  that  the  percentage  content  of  N  and  S  present  in 
different  proteins  is  subject  to  rather  wide  variations,  the  fixing  of  a  ratio 
which  will  express  the  exact  relation  existing  between  these  two  substances 
as  they  appear  in  the  urine  as  end-products  of  protein  metabolism,  is 
practically  impossible.  It  has  been  suggested  that  the  ratio  5  :  i  expresses 
this  relation  in  a  general  way. 

Pathologically,  the  excretion  of  sulphuric  acid  by  the  urine  is  in- 
creased in  acute  fevers  and  in  all  other  diseases  marked  by  a  stimulated 
metabohsm,  whereas  a  decrease  in  the  sulphuric  acid  excretion  is  observed 
in  those  diseases  which  are  accompanied  by  a  loss  of  appetite  and  a  dimin- 
ished metabolic  activity. 

Experiments. 

1.  Detection  of  Liorganic  Sulphuric  Add. — Place  about  10  c.c. 
of  urine  in  a  test-tube,  addlfy  with  acetic  add  and  add  some  barium 
chloride  solution.     A  white  precipitate  of  barium  sulphate  forms, 

2.  Detection  of  Ethereal  Sulphuric  Acid. — Filter  ofT  the  barium 
sulphate  predpitate  formed  in  the  above  experiment,  add  i  c,c.  of  hydro- 
chloric add  and  a  little  barium  chloride  solution  to  the  filtrate  and  heat 
the  mixture  to  boiling  for  i-a  minutes.  Note  the  appearance  of  a  tur- 
bidity due  to  the  presence  of  sulphuric  acid  which  has  been  separated 
from  the  ethereal  sulphates  and  has  combined  with  the  barium  of  the 
BaCli  to  form  BaSO,. 
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3.  Detection  of  Loosely  Combined  or  Neutral  Sulphur.— Place 
about  10  c-c.  of  urine  in  a  test-lube,  introduce  a  small  piece  of  zinc,  add 
sufficient  hydrochloric  acid  to  cause  a  gentle  evolution  of  hydrogen,  and 
over  the  mouth  of  the  tube  place  a  filter  paper  saturated  with  lead 
acetate  solution.     In  a  short  time  the  portion  of  the  paper  in  contact 

with  the  vapors  within  the  test-tube  be- 
comes blackened  due  to  the  formation 
of  lead  sulphide.  The  nascent  hydro- 
gen has  reacted  with  the  loosely  com- 
bined or  neutral  sulphur  to  form  hydro- 
gen sulphide  and  this  gas  coming  in 
contact  with  the  lead  acetate  paper 
has  caused  the  production  of  the  black 
lead  sulphide.  Sulphur  in  the  form  of 
inorganic  or  ethereal  sulphuric  acid  does 
not  respond  to  this  test, 

4.  Calcium  Sulphate  Crystals. — Place  10  c.c.  of  urine  in  a  test- 
tube,  add  10  drops  of  calcium  cUoride  solution  and  allow  the  tube  to 
stand  until  crystals  form.  Examine  the  calcium  sulphate  crystals 
under  the  microscope  and  compare  them  with  those  shown  in  Fig.  100, 
above. 


(ffcMirl  and  Wcii.) 


Chlorides. 

Next  to  urea,  the  chlorides  constitute  the  chief  solid  constituent 
of  the  urine.  The  principal  chlorides  found  in  the  urine  are  those  of 
sodium,  potasaum,  ammonium,  and  magnesium,  with  sodium  chloride 
predominating.  The  excretion  of  chloride  is  dependent,  in  great  part, 
upon  the  nature  of  the  diet,  but  on  the  average  the  daily  output  is  about 
10-15  gi'^Tis,  expressed  as  sodium  chloride.  Copious  water-drinking  in- 
creases the  output  of  chlorides  considerably.  Because  of  their  solubility, 
chlorides  are  never  found  in  the  urinary  sediment. 

Since  the  amount  of  chlorides  excreted  in  the  urine  is  due  primarily 
to  the  chloride  content  of  the  food  ingested,  it  follows  that  a  decrease 
in  the  amount  of  ingested  chloride  will  likewise  cause  a  decrease  in  the 
chloride  content  of  the  urine.  In  cases  of  actual  fasting  the  chloride 
content  of  the  urine  may  be  decreased  to  a  slight  trace  which  is  derived 
from  the  body  fluids  and  tissues.  Under  these  conditions,  however, 
an  examination  of  the  blood  of  the  fasting  subject  will  show  the  per- 
centage of  chlorides  in  this  fluid  to  be  approximately  normal.  This 
forms  a  very  striking  example  of  the  care  nature  takes  to  maintain  the 
formal  composirion  of  the  blood.    There  Js  a  limit  to  the  power  of  the 
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body  to  maintain  this  equilibrium,  however,  and  if  the  fasting  organism 
be  subjected  to  the  influence  of  diuretics  for  a  time,  a  point  is  reached 
where  the  composition  of  the  blood  can  no  longer  be  maintained  and  a 
gradual  decrease  in  its  chloride  content  occurs  which  finally  results  in 
death.  Death  is  supposed  to  result  not  so  much  because  of  a  lack  of 
chlorine  as  from  a  deficiency  of  sodium.  This  is  shown  from  the  fact  that 
potassium  chloride,  for  instance,  cannot  replace  the  sodium  chloride 
of  the  blood  when  the  latter  is  decreased  in  the  manner  above  stated. 
When  this  substitution  is  attempted  the  potassium  salt  is  excreted  at 
once  in  the  urine,  and  death  follows  as  above  indicated. 

Pathologically,  the  excretion  of  chlorides  may  be  decreased  in  some 
fevers,  chronic  nephritis,  croupous  pneumonia,  diarrhcea,  certain  stomach 
disorders,  and  in  acute  articular  rheumatism. 

Experiment. 

Detection  of  Chlorides  in  Urine. — Place  about  5  cc.  of  urine  in 
a  test-tube,  render  it  acid  with  nitric  acid  and  add  a  few  drops  of  a 
solution  of  silver  nitrate.  A  white  precipitate,  due  to  the  formation 
of  silver  chloride,  is  produced.  This  precipitate  is  soluble  in  am- 
monium hydroxide. 

Phosphates. 

Phosphoric  acid  exists  in  the  urine  in  two  general  forms:  First, 
that  in  combination  with  the  alkaU  metals,  sodium  and  potassium, 
and  the  radical  ammonium;  second,  that  in  combination  with  the  alkaline 
earths,  calcium  and  magnesiimi.  Phosphates  formed  through  a  union 
of  phosphoric  acid  with  the  alkaU  metals  are  termed  alkaline  phosphates, 
or  phosphates  of  the  alkaU  metals,  whereas  phosphates  formed  through 
a  imion  of  phosphoric  acid  with  the  alkaline  earths  are  termed  earthy 
pkosphales,  or  phosphates  of  the  alkaline  earths. 

Three  series  of  salts  are  formed  by  phosphoric  acid:  Normal,  MsPO*,' 
mono-hydrogen,  MjHPOi,  and  di-hydrogen,  MHiPO^.  The  di-hydrogen 
salts  are  acid  in  reaction,  and  it  was  generally  believed  that  about  60 
per  cent  of  the  total  phosphate  content  of  the  urine  was  in  the  form  of 
this  type  of  salt,  and  that  the  acidity  of  the  urine  was  due  in  great  part  to 
the  presence  of  sodium  di-hydrogen  phosphate.  Recently,  however,  it 
has  been  quite  clearly  shown  that  the  normal  acidity  of  the  urine  is  not 
due  to  the  presence  of  this  salt,  but  is  due,  at  least  in  part,  to  the  presence 
of  various  acidic  radicals.  In  this  connection  Folin  believes  that  the 
phosphates  in  clear  acid  urine  are  all  of  the  motw-hydrogen  type,  and  that 
the  addity  of  the  urines  of  this  character  is  generally  greater  than  the 
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combined  acidity  of  all  the  phosphates  present;  the  excess  in  the  addity 
above  that  due  to  phosphates  he  believes  to  be  due  to  free  organic  acids. 
Henderson'  maintains  that  "determinations  of  hydrogen  ionization  in 
urine  and  its  behavior  toward  indicators  both  support  the  view  that  in 
urine  there  exists  a  mixture  of  mono-  and  di-hydrogcn  phosphates  of 
sodium,  ammonium  and  other  bases."  The  observation  has  recently 
been  made  that  urine  may  be  separated  into  two  porUons,  one  part  con- 
sisting almost  entirely  of  inorganic  matter  including  practically  all  of 
the  phosphates  and  ha\-ing  an  alkaline  reaction,  the  other  containing 
practically  all  of  the  organic  substances  and  no  phosphates  and  having  an 
acid  reaction. 

In  bones  the  phosphates  occur  principally  in  the  form  of  the  normal 
salts  of  calcium  and  magnesium.  The  mono-hydrogen  salts  as  a  class 
are  alkaline  in  reaction  to  litmus,  and  it  is  to  the  presence  of  di-sodium 
hydrogen  phosphate,  NajHPO*,  that  the  greater  part  of  the  alkalinity 
of  the  saliva  is  due. 

The  excretion  of  phosphoric  acid  is  extremely  variable,  but  on  the 
average  the  total  output  for  24  hours  b  about  2.5  grams,  expressed 
as  P2O6.  Ordinarily  the  total  output  is  distributed  between  alkaline 
phosphates  and  earthy  phosphates  approximately  in  the  ratio  2:1.  The 
greater  part  of  this  phosphoric  acid  arises  from  the  ingested  fiMHl.  either 
from  the  preformed  phosphates  or  more  especial!)-  from  the  phosphorus 
in  organic  combination  such  as  we  find  it  in  phospho- proteins,  nucleo- 
pTOteins  and  lecithins;  the  phosphorus-containing  tissues  of  the  body 
also  contribute  to  the  total  output  of  this  element.  Alkaline  phosphates 
ingested  with  the  food  have  a  tendenc>'  to  increase  the  phosphoric  add 
content  of  the  urine  to  a  greater  extent  than  the  earthy  phosphates  so 
ingested.  This  is  due,  in  a  measure,  to  the  fact  that  a  portion  of  the  earthy 
phosphates,  under  certain  conditions,  may  be  predpitated  in  the  intestine 
and  excreted  in  the  feces;  this  is  especially  to  be  noted  in  the  case  of 
herbivorous  animals.  Since  the  extent  to  which  the  phosphates  are 
absorbed  in  the  intestine  depends  upon  the  form  in  which  ihey  arc  present 
in  the  food,  under  ordinarj'  conditions,  there  can  be  no  absolute  relation- 
ship between  the  urinary  output  of  nitrogen  and  phosphorus.  If  the 
diet  is  constant,  however,  from  da}-  to  day.  thus  allowing  of  the  prepara- 
tion of  both  a  nitrogen  and  a  phosphorus  balance.*  a  definite  ratio  may 
be  established.  In  experiments  upon  dogs,  which  were  fed  an  cxdusive 
meat  diet,  the  ratio  of  nitrogen  to  phosphorus,  in  the  urine  and  feces, 
was  found  to  be  8.1  :  i. 

'  Henderson:  .-Irn.  Jonr.  Pkysint.,  ij,  257.  igc6. 

•  In  metabolism  experiments,a  statement  showing  the  relalion  existing  between  the  ni ._ . 
gcD  content  of  the  food  on  the  one  hand  and  that  of  the  urine  and  feces  on  the  ocber,  fof  s 
defini  te  period,  is  ternicda)<iIrae<itia^iKeorB"bBlance  of  the  income  and  outgo  of  nitiOKen." 


It  has  been  demonstrated  by  recent  investigation  that  the  ingestion  of 
inorganic  phosphorus  compounds  may  give  rise  to  organic  phosphorus 
compoimds  such  as  lecithin,  phosphatides,  nucleoproteins  and  phospho- 
protcins.  This  is  an  instance  of  an  organic  substance  synthesized  from 
an  inorganic  substance.  The  experiments  have  been  made  principally 
on  ducks'  and  hens.^ 

Pathologically  the  excretion  of  phosphoric  acid  is  increased  in  such 
diseases  of  the  bones  as  diffuse  periostosis,  osteomalacia,  and  rickets; 
according  to  some  investigators,  in  the  early  stages  of  pulmonary  tuber- 
culosis, in  acute  yellow  atrophy  of  the  liver,  in  diseases  which  are  accom- 
panied by  an  extensive  decomposition  of  nervous  tissue,  and  after  sleep 
induced  by  potassium  bromide  or  chloral  hydrate  (Mendel).  It  is  also 
increased  after  copious  water-drinking.  A  decrease  in  the  excretion  of 
phosphates  is  at  times  noted  in  febrile  affections,  such  as  the  acute  infec- 
tious diseases;  in  pregnancy,  in  the  period  during  which  the  fcetal  bones 
are  forming,  and  in  diseases  of  the  kidneys,  because  of  non-elimination. 

Experiments. 

1.  Formation  of  "Triple  Phosphate." — Place  some  urine  in  a 
beaker,   render   it   alkaline   with   ammonium   hydroxide,   add  a  small 

Fic.  toi.— "Triple  Phosphate."    {O^Jcn.i 

amount  of  magnesium  sulphate  solution  and  allow  the  beaker  to  stand 
in  a  cool  place  over  night.  Crystals  of  ammonium  magnesium  phosphate, 
"  triple  phosphate,"  form  under  these  conditions.  Examine  the  crystalline 
sediment  under  the  microscope  and  compare  the  forms  of  the  crystals 
with  those  shown  in  Fig.  loi,  above. 

2.  "Triple  Phosphate"  Crystals  in  Ammoniacal  Fennentatioa 
— Stand  some  urine  aside  in  a  beaker  tor  several  days.     Ammoniacal 

our.  Biol.  Chcm.,  ic,47  (Proceedings),  191 1. 
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fermentation  will  develop  and  "triple  phosphate"  crystals  will  im 
Examine  the  sediment  under  the  microscope  and  compare  the  crysta 
with  those  shown  in  Fig.  loi,  below. 

3.  Detection  of  Earthy  Phosphates, — Place  10  c.c.  of  urine  in  a 
test-tube  and  render  it  alkaline  with  ammonium  hydroxide.  Warm 
the  mixture  and  note  the  separation  of  a  precipitate  of  cart/iy  phosp/iaUs. 

4.  Detection  of  Alkaline  Phosphates. — Filter  off  the  earthy 
phosphates  as  formed  in  the  last  experiment,  and  add  a  small  amount 
of  magnesia  mixture  (see  page  313)  to  the  filtrate.  Now  warm  the 
mixture  and  observe  the  formation  of  a  white  precipitate  due  to  the 
presence  of  alkaline  phosphates.  Note  the  difference  in  the  size  of 
the  precipitates  of  the  two  forms  of  phosphates  from  this  same  volume 
of  urine.  Which  form  of  phosphates  was  present  in  the  larger  amount, 
earthy  or  alkaline? 

5.  Influence  upon  Fehling's  Solution. — Place  a  c.c.  of  Fehling's 
solution  in  a  test-tube,  dilute  it  with  4  volumes  of  water  and  heat  to 
boiling.  Add  a  solution  of  sodium  dihydrogen  phosphate,  NaHsPO*. 
a  small  amount  at  a  time,  and  heat  after  each  addition.  What  do  you 
observe?  What  does  this  observation  force  you  to  conclude  regarding 
the  interference  of  phosphates  in  the  testing  of  diabetic  urine  by  means 
of  Fehling's  test? 

Sodium  and  Potassium. 

The  elements  sodium  and  potassium  are  always  present  in  the  urine. 
Usually  they  are  combined  with  such  acidic  radicals  as  CI,  COj,  SO4 
and  PO4.  The  amount  of  potas-sium,  expressed  as  KjO,  excreted  in 
34  hours  by  an  adult,  subsisting  upon  a  mixed  diet,  is  on  the  average 
2-3  grams,  whereas  the  amount  of  sodium,  expressed  as  NajO,  under 
the  same  conditions,  is  ordinarily  4-6  grams.  The  ratio  of  K  to  Na  is 
generally  about  3 : 5.  The  absolute  quantity  of  these  elements  excreted 
depends,  of  course,  in  large  measure,  upon  the  nature  of  the  diet.  Be- 
cause of  the  non-ingestion  of  NaCl  and  the  accompanying  destruction 
of  potassium-containing  body  tissues,  the  urine  during  fasting  contains 
more  potassium  salts  than  sodium  salts. 

Pathologically  the  output  of  potassium,  in  its  relation  to  sodium, 
may  be  increased  during  fever;  following  the  crisis,  however,  the  out- 
put of  this  element  may  be  decreased.  It  may  also  be  increased  in 
conditions  associated  with  acid  intoxication. 

Calcium  and  Magnesium. 

The  greater  part  of  the  calcium  and  magnesium  excreted  in  t 

urine  is  in  the  form  of  phosphates.     The  daily  output,  which  depends 
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principally  upon  the  nature  of  the  diet,  aggregates  on  the  average  about 
I  gram  and  is  made  up  of  the  phosphates  of  caldiun  and  magnesium 
in  the  proportion  of  1:3.  The  percentage  of  caldiui  salts  present  in 
the  urine  at  any  one  time  fonns  no  dependable  index  as  to  the  absorp- 
tion of  this  class  of  salts,  since  they  are  again  excreted  into  the  intestine 
after  absorption.  It  is  therefore  impossible  to  draw  any  satisfactory 
conclusions  regarding  the  excretion  of  the  alkaline  earths  unless  we 
obtain  accurate  analytical  data  from  both  the  feces  and  the  urine. 

Very  little  is  known  positively  regarding  the  actual  course  of  the 
excretion  of  the  alkahne  earths  under  pathological  conditions  except 
that  an  excess  of  calcium  is  found  in  acid  itUoxtcatum  and  some  diseases 
of  the  bones. 

Carbonates. 

Carbonates  generally  occur  in  small  amount  in  the  urine  of  man 
and  carnivora  under  normal  conditions,  whereas  much  larger  quanti- 
ties are  ordinarily  present  in  the  urine  of  herbivora.  The  alkaline 
reaction  of  the  urine  of  herbivora  is  dependable  in  great  measure  upon 
the  presence  of  carbonates.  In  general  a  urine  containing  carbonates 
in  appreciable  amount  is  turbid  when  passed  or  becomes  so  shortly 
after.  These  bodies  ordinarily  occur  as  alkali  or  alkaline  earth  com- 
pounds and  the  turbid  character  of  urine  containing  them  is  usually 
due  principally  to  the  latter  class  of  substances.  The  carbonates  of 
the  alkaline  earths  are  often  found  in  amorphous  urinary  sediments. 

Iron. 

Iron  is  present  in  small  amount  in  normal  urine.  It  probably  occurs 
partly  in  inorganic  and  partly  in  organic  combination.  The  iron  con- 
tained in  urinary  pigments  or  chromogens  is  in  organic  combination. 
According  to  different  investigators  the  iron  content  of  normal  urine  will 
probably  not  average  more  than  o.ooi  gram  per  day. 

Experiment. 

Detection  of  Iron  in  TTrine. — Evaporate  a  convenient  volume 
(10-15  c.c.)  of  urine  to  dryness.  Incinerate  and  dissolve  the  residue 
in  a  few  drops  of  iron-free  hydrochloric  acid  and  dilute  the  acid  solu- 
tion with  5  c.c.  of  water.  Divide  the  acid  solution  into  two  parts  and 
make  the  following  tests;  (a)  To  the  first  part  add  a  solution  of  ammo- 
nium thiocyanate;  a  red  color  indicates  the  presence  of  iron.  (6)  To 
the  second  part  of  the  solution  add  a  little  potassium  ferrocyanidc  solu- 
tion; a  precipitate  of  Prussian  blue  forms  upon  standmg. 
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Fluorides,  Nitrates,  Silicates  and  Hydrogen  Peroxide. 

These  substances  are  all  found  in  traces  in  human  urine  under  nor- 
mal conditions.  Nitrates  are  undoubtedly  introduced  into  the  organ- 
ism in  the  water  and  ingested  food.  The  average  excretion  of  nitrates 
is  about  0.5  gram  per  day,  the  output  being  the  largest  upon  a  vegeta- 
ble diet  and  smallest  upon  a  meat  diet.  Nitrites  are  found  only  in 
urine  which  is  undergoing  decompo^tion  and  are  formed  from  nitrates 
in  the  course  of  ammoniacal  fermentation.  Hydrogen  peroxide  has 
been  detected  in  the  urine,  but  its  presence  is  believed  to  possess  no 
pathological  importance. 
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[  Deutero-proteose. 
I  Hetero-proteose. 
I  "Bence- Jones'  protein." 
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[  Pigment, 
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Creatine.* 

Acetone. 

Diacetic  acid. 

,?-Oxybutyric  acid. 

Conjugate  glycuronates. 

Pentoses. 

Fat. 

Haematoporphyrin, 

Lactose. 

Galactose. 

Laevulose. 

Inosite. 

Laiose. 

Melanin. 

Urorosein. 

Unknown  substances. 


Traces  of  this  sugar  occur  in  normal  urine,  but  the  amount  is  not 
sufficient  to  be  readily  detected  by  the  ordinary  ^mple  qualitative 
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tests.  There  are  two  distinct  types  of  pathological  glycosuria,  i.  e., 
tran^tory  glycosuria  and  persistent  glycosuria.  The  transitory  type 
may  follow  the  ingestion  of  an  excess  of  sugar,  causing  the  assimilation 
limit^  to  be  exceeded,  or  it  may  accompany  any  one  of  several  disorders 
which  cause  impairment  of  the  power  of  assimilating  sugar.  In  the 
persistent  type  large  amounts  of  sugar  are  excreted  daily  in  the  urine 
for  long  periods  of  time.  Under  such  circumstances  a  condition  known 
as  diabetes  mellitus  exists.  Ordinarily,  diabetic  urine  which  contains 
a  high  percentage  of  sugar  possesses  a  faint  yellow  color,  a  high  specific 
gravity,  and  a  volume  which  is  above  normal. 

Experiments, 

I.  Phenylhydrazine  Regctirai.^Test  the  urine  according  to  one 
of  the  following  methods:  (a)  To  a  small  amount  of  phenylhydrazine 
mixture,  furnished  by  the  instructor,^  add  5  c.c.  of  the  urine,  shaJte 
well,  and  heat  on  a  boiling  water-bath  for  one-half  to  three-quarters  of 
an  hour.  Allow  the  tube  to  cool  slovly  and  examine  the  crystals  micro- 
scopically (Plate  III,  opposite  page  i8).  If  the  solution  has  become 
too  concentrated  in  the  boiling  process  it  will  be  Ught-red  in  color  and 
no  crystals  will  separate  until  it  is  diluted  with  water. 

Yellow  crystalline  bodies  called  osazones  are  formed  from  certain 
sugars  imder  these  conditions,  in  general  each  individual  sugar  giving 
rise  to  an  osazone  of  a  definite  cn,'slalline  form  which  is  typical  for  that 
sugar.  It  is  important  to  remember  in  this  connection  that,  of  the 
simple  sugars  of  interest  in  physiological  chemistry,  dextrose  and  !a;vu- 
lose  jield  the  same  osazone,  with  phenylhydrazine.  Each  osazone  has 
a  definite  melting-point,  and  as  a  further  and  more  accurate  means  of 
identification  it  may  be  recrystallized  and  identified  by  the  determina- 
tion of  its  melting-point  and  nitrogen  content.  The  reaction  taiung 
place  in  the  formation  of  phenyldextrosazone  is  as  follows: 

-C«H,o0^fN.NH.C6Hs),-|-2H30-|-H,. 

PhcnyldedroMEDne. 

(6)  Place  5  c.c.  of  the  urine  in  a  test-tube,  add  i  c.c.  of  phenylhy- 

yldrazine-acetatc  solution  furnished  by  the  instructor,*  and  heat  on  a 

j  boiling  water-bath  for  one-half   to   three-quarters  of  an  hour.    Allow 

the  liquid  to  cool  slowly  and  examine  the  crystals  microscopically  (Plate 

j     ni,  opposite  p.  28). 

>  The  nsdmilation  limit  for  dextrose  has  been  shown  to  be  between  100  and  150  grams 
(Brasch:  Zcit.filr  Biol.,  50,  iij,  1907. 

'  This  mixture  is  prepared  by  combining  onepartofphcnylhydrazine-hydrochlorideand 
two  parts  of  sodium  acetate,  by  jeeight.     These  are  thoroughly  mi^ed  in  a  mortar. 

'This  solution  is  prepared  by  mixing  one  part  by  toivme,  in  each  case,  of  glacial  acetic 
add,  one  part  of  water  and  two  parts  of  phenylhydrazine  (the  bassj.fi 


The  phenylhydrazine  test  has  been  so  modiiied  by  Cipollina  as  to 
be  of  use  as  a  ra/fid  clinical  test.  The  directions  for  this  test  are  given 
in  the  next  experiment, 

3.  Cipollina's  Test. — Thoroughly  mix  4  c.c.  of  urine,  5  drops  of 
phenylhydrazine  (the  base)  and  1/2  c.c.  of  glacial  acetic  acid  in  a  test- 
tube.  Heat  the  mixture  for  about  one  minute  over  a  low  flame,  shaking 
the  tube  continually  to  prevent  lass  of  fluid  by  bumping.  Add  4-5 
drops  of  potassium  hydroxide  or  sodium  hydroxide  (sp.  gr.  1.16),  being 
certain  that  the  fluid  in  the  test-tube  remains  acid;  heat  the  muture 
again  for  a  moment  and  then  cool  the  contents  of  the  tube.  Ordi- 
narily the  crystals  form  at  once,  especially  if  the  urine  possesses  a  low 
specific  gravity.  If  they  do  not  appear  immediately  allow  the  tube  to 
stand  at  least  20  minutes  before  deciding  upon  the  absence  of  sugar. 

Examine  the  crj'stals  under  the  microscope  and  compare  them  with 
those  shown  in  Plate  III,  opposite  page  28. 

3.  Riegler's  Reaction.' — ^Introduce  o.r  gram  of  phenylhydrazine- 
hydrochloride  and  0.25  gram  of  sodium  acetate  into  a  test-tube,  add 
20  drops  of  the  urine  under  examination,  and  heat  the  mixture  to  boiling. 
Now  introduce  10  c.c.  of  a  3  per  cent  solution  of  potassium  hydroxide 
and  gently  shake  the  tube  and  contents.  If  the  urine  under  examination 
contains  dextrose  the  liquid  in  the  tube  will  assume  a  red  color.  One 
per  cent  dextrose  )'ields  an  immediate  color  whereas  0,05  per  cent  yields 
the  color  only  after  the  lapse  of  a  period  of  one-half  hour  from  the  time 
the  alkali  is  added.  If  the  color  appears  after  the  30-minute  interval 
the  color  change  is  without  significance  inasmuch  as  sugar-free  urines 
will  respond  thus.  The  reaction  is  given  by  all  aldehydes  and  therefore 
the  test  cannot  be  safely  employed  in  testing  urines  preserved  by  formalde- 
hyde.   Albumin  does  not  interfere  with  the  test. 

4.  Bottu's  Test.'— To  8  c.c.  of  Bottu's  reagent'  in  a  test-tube  add 
I  c.c.  of  the  urine  under  examination  and  mix  the  liquids  by  gentle 
shaking.  Now  heat  the  upper  portion  of  the  mixture  to  boiling,  add 
an  additional  i  c.c.  of  urine  and  heat  the  mixtiu^e  again  immediately. 
The  appearance  of  a  blue  color  accompanied  by  the  precipitation  of 
small  particles  of  indigo  blue  indicates  the  presence  of  dextrose  in  the 
urine  under  examination.  The  test  will  serve  to  detect  the  presence 
of  0.1  per  cent  of  dextrose  and  is  uninfluenced  by  creatinine  or  by  am- 
monium salts. 

5.  Reduction  Tests. — To  their  aldehyde  or  ketone  structure  many 

sugars  owe  the  property  of  readily  reducing  the  alkaline  solutions  of  the 

'  Ricglcr:  Campl.  rend.  soi:.  I'iol.,  66,  p.  7gs. 
•  Bottu:  Compl.  rend.  soc.  Wo/.,  6fi,  p.  gys. 

'  This  (eagent  conUins  3.5  grams  of  o-nilTophenylpropioUc  acid  and  S  c.c.  of  a  freshly 
prepared  10  per  cent  solution  of  sodium  hydroxide  per  liter. 
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oxides  of  metals  like  copper,  bismuth,  and  mercury;  they  also  possess 
the  property  of  reducing  ammoniacal  silver  solutions  with  the  separa- 
tion of  metallic  silver.  Upon  this  property  of  reduction  the  most  widely 
xised  tests  for  sugars  are  based.  When  whitish-blue  cupric  hydroxide  in 
suspension  in  an  alkaline  Uquid  is  heated  it  is  converted  into  insoluble 
black  cupric  oxide,  but  if  a  reducing  agent  like  certain  sugars  be  present 
the  cupric  hydroxide  is  reduced  to  insoluble  yellow  cuprous  hydroxide, 
which  in  turn  on  further  heating  may  be  converted  into  brownish-red  or 
red  cuprous  oxide.    These  changes  are  indicated  as  follows: 

OH 
/ 
Cu        —  Cu=0+H,0. 

\  Cupric  0«d. 


OH 

/ 
Cu 
\ 
OH 

--  2Cu— OH+H,0-f  O. 

UM  (yellow). 

Cu 
OH 

Cu 
Cii— OH         \ 
I  —        0+HaO, 

Ca—OH         / 

Cu 

Cuprum  hydroxide       Cuprfnii  oiide 
(yellow).  (browni.li.redl. 

The  chemical  equations  here  discussed  are  exemplilied  in  Trommer's 
and  FehUng's  tests. 

(a)  Trommer's  Test.— To  5  c.c.  of  urine  in  a  test-tube  add  one- 
half  its  volume  of  KOH  or  NaOH.  Mix  thoroughly  and  add,  drop  by 
drop,  agitating  after  the  addition  of  each  drop,  a  very  dilute  solution  of 
copper  sulphate.  Continue  the  addition  until  there  is  a  slight  perma- 
nent precipitate  of  cupric  hydroxide  and  in  consequence  the  solution  is 
slighth"  turbid.  Heat,  and  the  cupric  hydroxide  is  reduced  to  yellow 
cuprous  hydroxide  or  to  brownish-red  cuprous  oxide.    If  the  soIutioD 
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of  copper  sulphate  used  is  too  strong,  a  small  brownish-red  precipitate 
produced  in  the  presence  of  a  low  percentage  of  dextrose  may  be  entirely 
masked.  On  the  other  hand,  if  too  little  copper  sulphate  is  used  a  light- 
colored  precipitate  formed  by  uric  add  and  purine  bases  may  obscure 
the  brownish-red  precipitate  of  cuprous  oxide.  The  action  of  KOH 
or  NaOH  in  the  presence  of  an  excess  of  sugar  and  insufficient  copper 
will  produce  a  brownish  color.  Phosphates  of  the  alkaline  earths  may 
also  be  precipitated  in  the  alkaline  solution  and  be  mistaken  for  cuprous 
hydroxide.     Trommer's  test  is  not  very  satisfactory. 

Salkowski'  has  very  recently  proposed  a  modification  of  the  Trom- 
mer  procedure  which  he  claims  is  a  verj'  accurate  sugar  test. 
fiAJ^'j-lb)  Fekline's  Test. — To  about  i  c.c.  of  Fehling's  solution*  in  a  test- 
^  I'tube  add  about  4  c.c.  of  water,  and  boil.  This  is  done  to  determine 
whether  the  solution  will  of  itself  cause  the  formation  of  a  precipitate 
of  brownish-red  cuprous  oxide.  If  such  a  precipitate  forms,  the  Feh- 
ling's solution  must  not  be  used.  Add  urine  to  the  warm  Fehling's 
solution,  a  few  drops  at  a  time,  and  heat  the  mixttire  after  each  addition. 
The  production  of  yellow  cuprous  hydroxide  or  brownish-red  cuprous 
oxide  indicates  that  reduction  has  taken  place.  The  yellow  precipi- 
tate is  more  likely  to  occur  if  the  urine  is  added  rapidly  and  in  large 
amount,  whereas  with  a  less  rapid  addition  of  smaller  amounts  of  urine 
the  brownish-red  precipitate  is  generally  formed. 

This  is  a  much  more  satisfactory  test  than  Trommer's,  but  even 
this  test  is  not  entirely  reliable  when  used  to  detect  sugar  in  the  urine. 
Such  bodies  as  conjugate  glycuronales.  uric  acid,  nucleoprolein.  and  homo- 
gentisic  add.  when  present  in  sufficient  amount,  may  produce  a  result 
similar  to  that  produced  by  sugar.  Phosphates  of  the  alkaline  earths 
may  be  precipitated  by  the  alkali  of  the  Fehling's  solution  and  in  appear- 
ance may  be  mistaken  for  the  cuprous  hydroxide.  Cupric  hydroxide 
may  also  be  reduced  to  cuprous  oxide  and  this  in  turn  be  dissolved  by 
creatinine,  a  normal  urinary  constituent.  This  will  give  the  urine  under 
examination  a  greenish  tinge  and  may  obscure  the  sugar  reaction  even 
when  a  considerable  amount  of  sugar  is  present.  According  to  Laird* 
even  small  amounts  of  creatinine  will  retard  the  reaction  velocity  of  re- 
ducing sugars  with  Fehling's  solution. 

'  Salkowsld:  Ztil.  physiol.  Chein.,  75.  164,  1911, 

*  Fehlin(;'s  solution  is  composed  of  two  definite  solutions — a  copper  sulphutc  solulion  and 
an  alkaline  turlrnte  solulion,  which  may  be  prepared  as  follows: 

Copper  sulphate  solution  =  3^.6$  grams  of  copper  sulphate  dissolved  in  water  and  made 
up  lo  500  c.c. 

Alkaiine  Ijrlrale  solution=  ivs  Rrams  of  potassium  hydroxide  and  173  grams  of  KocheUe 
Mit  dissolved  in  water  and  made  up  to  50a  c.c. 

These  solutions  should  be  preserved  separately  in  rubber-stoppered  bottles  and  mijced 
in  equal  volumes  when  needed  for  use.    This  ia  done  to  prevent  deterioration. 

*Laird:  Jouni.  Fath.  and  Bad.,  16,  398-,  igi2. 
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(c)  Benedict's  Modifications  of  FelUing's  Test.  First  Modification. — 
To  a  c.c,  of  Benedict's  solution'  in  a  test-tube  add  6  c.c.  of  distiUed 
water  and  7-9  drops  (not  more)  of  the  urine  under  examination.  Boil 
the  mixture  vigorously  for  about  15-30  seconds  and  permit  it  to  cool 
to  room  temperature  spontaneously.  {If  desired  this  process  may  be 
repeated,  altliough  it  is  ordinarily  unnecessary.)  If  sugar  is  present 
in  the  solution  a  precipitate  will  form  which  is  often  bluish-green  or 
green  at  first,  especially  if  the  percentage  of  sugar  is  low.  and  which 
usuaUy  becomes  yell<misk  upon  standing.  If  the  sugar  present  exceeds 
0.06  per  cent  this  precipitate  generally  forms  at  or  below  the  boiling- 
point,  whereas  if  less  than  0.06  per  cent  of  sugar  is  present  the  precipi- 
tate forms  more  slowly  and  generally  only  after  the  solution  has  cooled. 
The  greenish  precipitate  obtained  with  urines  containing  small  amounts 
of  sugar  may  be  a  compound  of  copper  with  the  sugar  or  a  compound 
of  some  constituent  of  the  urine  with  reduced  copper  oxide  instead  of 
being  a  precipitate  of  cuprous  hydroxide  or  oxide  as  is  the  case  when 
the  original  Fehhng  solution  is  reduced. 

Benedict  claims  that,  whereas  the  original  Fehling's  test  will  not  serve 
to  detect  sugar  when  present  in  a  concentration  of  less  than  or  per 
cent,  that  the  above  modification  will  serve  to  detect  sugar  when  pres- 
ent in  as  small  quantity  as  0.015-0.02  per  cent.  This  claim  has  been 
corroborated  recently  by  Harrison.*  The  modified  solution  used  in  the 
above  test  differs  from  the  original  in  that  100  grams  of  sodium  car- 
bonate is  substituted  for  the  125  grams  of  potassium  hydroxide  ordi- 
narily used,  thus  forming  a  Fehlirg  solution  which  is  considerablj'  Uss 
alkaline  than  the  original.  This  alteration  in  the  composition  of  the 
Fehling  solution  is  of  advantage  in  the  detection  of  sugar  in  the  urine 
inasmuch  as  the  strong  alkalinity  of  the  ordinary  Fehling  solution  has  a 
tendency,  when  the  reagent  is  boiled  with  a  urine  containing  a  small 
amount  of  dextrose,  to  decompose  sufficient  of  the  sugar  to  render  the  de- 
tection of  the  remaining  portion  exceedingly  difficult  by  the  usual  technic. 
Benedict  claims  that  for  this  reason  the  use  of  his  modified  solution  per- 
mits the  detection  of  smaller  amounts  of  sugar  than  docs  the  use  of  the 
ordinary  Fehling  solution.  Benedict  has  further  modified  his  solution 
for  »ise  in  the  quantitative  determination  of  sugar  (see  page  385), 

'  Benedict's  modified  Fchliog  solution  consists  of  two  detinitc  solution! 
phale  solution  &nd  an  alkaline  taruaie  solution,  which  may  be  prepared  a; 

Capprt  sulpJiaU  jo/n/WM  =  34,65  grams  of  copper  sulphate  dissolved  in  waler  and  made  up 

Alkaiint  tartrale  taiulian  =  iao  grams  of  anhydrous  sodium  carbonate  and  173  grams  oi 
Rochelte  salt  dissolved  in  water  and  made  up  to  500  c.c. 

These  solutions  should  be  preserved  separately  in  rubber-stoppered  botUea  and  n 
in  equal  volumes  when  needed  for  use.     Tbis  is  done  to  prevent  deterioration. 

•  Harrison:  Fharm.Jotir.,  8;,  746,  1911. 
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Second  Modification.^— Very  recently  Benedict  lias  further  modi- 
fied his  solution  and  has  succeeded  in  obtaining  one  which  does  not 
dcterioriite  upon  long  standing.*  The  following  is  the  procedure  for 
the  detection  of  dextrose  in  the  urine:  To  5  ex.  of  the  reagent  in  a 
test-tube  add  eight  (not  more)  drops  of  the  urine  to  be  examined.  The 
fluid  is  then  boiled  vigorously  for  from  one  to  two  minutes  and  then 
allowed  to  cool  sponUmeously.  In  the  presence  of  dextrose  tite  entire 
body  of  the  solution  will  he  jUled  with  a  precipitate,  which  may  be  red, 
yellou;  or  green  in  color,  depending  upon  the  amount  of  sugar  present. 
If  no  dextrose  is  present,  the  solution  will  either  remain  perfectly  clear, 
or  will  show  a  very  faint  turbidity,  due  to  precipitated  urates.  Even 
very  small  quantities  of  dextrose  in  urine  (o.i  per  cent)  yield  precipi- 
tates of  surprising  bulk  with  this  reagent,  and  the  positive  reaction  for 
dextrose  is  the  tilling  of  the  entire  body  of  the  solution  with  a  precipitate, 
so  that  the  solution  becomes  opaque.  Since  amount  rather  than  color 
of  the  precipitate  is  made  the  basis  of  this  test,  it  may  be  applied,  even 
for  the  detection  of  small  quantities  of  dextrose,  as  readily  in  artificial 
light  as  in  daylight. 

(d)  Allen's  Modificaiiott  of  Fehling's  Test.- — The  following  procedure 
is  recommended:  "From  7  to  8  c.c.  of  the  sample  of  urine  to  be  tested 
is  heated  to  boiling  in  a  test-tube,  and,  without  separating  any  precipi- 
tate of  albumin  which  may  be  produced,  5  c.c.  of  the  solution  of  cop- 
per sulphate  used  for  preparing  FehUng's  solution  is  added.  This  pro- 
duces a  precipitate  containing  uric  acid,  xanthine,  hypoxanlhine,  phos- 
phates, etc.  To  render  the  precipitation  complete,  however,  it  is  desir- 
able to  add  to  the  liquid,  when  partially  cooled,  from  1  to  2  c.c.  of  a 
saturated  solution  of  sodium  acetate  having  a  feebly  acid  reaction  to 
litmus.'  The  liquid  is  filtered  and  to  the  filtrate,  which  will  have  a 
bluish-green  color,  5  c.c.  of  the  alkaline  tartrate  mixture  used  for  prepar- 
ing Fehling's  solution  is  added,  and  the  liquid  boiled  for  15-10  seconds, 

'  Benedict:  Jour.  .iiti.  Mtd.  Ass'n.,  (7,  1193,  iqii, 

*  Benedict's  new  solution  has  the  foUowing  composition: 

Copper  sulphate , , 17.3  gm. 

Sodium  citrate,. IJ3.0  gm. 

Sodium  carbonate  (anhydrous) ,. ..  ,      ica.a  gm. 

Distilled  water  10 loco.o  c.c. 

With  the  aid  of  heat  dissolve  Ae  sodium  citrate  and  carbonate  in  about  609  c.c.  of  water. 
Pour  (through  a  folded  filter  if  necessary)  into  a  gkas  graduate  and  make  up  to  85Q  c.c.  Dis- 
sdve  the  copper  sulphate  in  about  100  c.c.  of  water  and  make  up  to  150  c.c.  Pour  the  car- 
bonate-citrate solution  into  a  large  beaker  or  ca.saerolc  and  add  the  copper  sulphate  solution 
slowly,  with  constant  stirring.  The  mixed  solution  is  ready  for  use.  and  does  not  deteriorate 
upon  long  standing. 

'  Sufficient  acetic  acid  should  be  added  to  the  sodium  acetate  solution  to  render  it  feebly 
acid  to  litmus.  A  saturated  solution  of  sodium  acetate  keeps  well,  but  weaker  solutions  are 
apt  to  become  mouldy,  and  then  possess  the  power  of  reducing  Fehling's  solution.  Hence 
it  is  essential  in  all  cases  of  importance  to  make  a  blank  test  by  milling  equal  measures  of 
coppersulphatesolution.alkalinc  tartrate  solution  and  water,  adding  a  little  sodium  acetate 
solution,  and  healing  the  mixture  to  boiling. 
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In  the  presence  of  more  than  0.35  per  cent  of  sugar.  separatioD  of  cup- 
rous oxide  occurs 4>efore  the  boiling-pcnnt  b  reached;  but  with  smallo' 
quantities  precipitation  takes  place  duiing  the  cocking  of  the  solution, 
which  becomes  greenish,  opaque,  and  suddenly  depoats  ciq)rous  oxide 
as  a  fine  brownish-red  precipitate.'' 

(f)  Boeltger's  Test. — To  5  ex.  of  urine  in  a  test-tube  add  i  c.c.  of 
KOH  or  NaOH  and  a  ver>-  smaU  amount  of  bismuth  subnitrate,  and 
boil.  The  solution  will  gradually  darken  and  finally  assume  a  black 
color  due  to  reduced  bismuth.  If  the  test  is  made  with  urine  containing 
albumin  this  must  be  removed,  by  boiling  and  filtering,  before  ajqilying 
the  test,  since  with  albumin  a  similar  change  rA  colw  is  produced  (bis- 
muth sulphide). 

(/)  X\iander's  Test  (Almin's  Test). — To  5  c.c,  (A  urine  in  a  test- 
tube  add  one-tenth  its  volume  of  Xylander's  reagent*  and  heat  for  five 
minutes  in  a  boiling  water-bath.*  The  mixture  will  darken  if  redudng 
sugar  is  present  and  upon  standing  for  a  few  nuMnents  a  black  color 
will  appear.  This  color  is  due  to  the  precipitation  of  bismuth.  If  the 
test  is  made  on  urine  containing  albumin  this  must  be  removed,  by 
boiling  and  filtering,  before  apphing  the  test,  since  with  albumin  a 
similar  change  of  color  is  produced.  Dextrose  when  present  to  the 
extent  of  o.c8  per  cent  may  be  detected  by  this  reactitm.  It  is  claimed 
by  Bechold  that  Xylander's  and  Boettger's  tests  give  a  negative  reaction 
with  solutions  containing  sugar  when  mercuric  chloride  or  chloroform 
is  present.  Other  obser\-ers*  have  failed  to  verify  the  inhibitory  action 
of  the  mercuric  chloride  and  have  shown  that  the  inhibitory  influence  of 
chloroform  may  be  overcome  by  rai^g  the  temperature  of  the  urine  to 
the  boiling-poiot  for  a  period  of  five  minutes  previous  to  making  the  test. 

Urines  rich  in  indican,  uroeryllirin.  urofhrome  or  kamaloporpkyrin, 
as  well  as  urines  excreted  after  the  ingestion  of  large  amounts  of  certain 
mfduina!  substances,  may  give  a  darkening  of  Xylander's  reagent  similar 
to  that  of  a  true  sugar  reaction.  It  is  a  dbputed  point  whether  the  urine 
after  the  administration  of  urolropin  will  reduce  Xylander's  reagent.* 

Strausz*  has  recently  shown  that  the  urine  of  diabetics  to  whom 
"lothion"  (diiodohydrox\propanc)  has  been  administered  will  give  a 
negati\e  Xjlander's  reaction  and  respond  positively  to  the  Fdiling.and 

'  Njlandi-r's  reagent  is  prepared  by  digesting  igramsof  bbinuthsubiiitniteuKi4gmiit 
of  RocheUc  :a1t  in  loo  c.c.  c(  a  lo  per  cent  potassium  hydroxide  solution.  11w  reagent  is 
then  cooled  and  filtered. 

'  Hammarslcn  pupctsif  ihat  the  solution  he  boiled  for  ^5  minutes  (ftccor£iiK  to  the  so^ 
conlcnt  1  ovtr  a  frtt-  flame  and  Ihe  tube  then  permitted  to  stand  five  minutei  betoK  drawing 

'Rihtus.=  and  Haivt:  J„„r.  B,W.  Clirm..  7,  267,  1010;  also  ZcidliU:  Ufsata  LaJOn- 
foren  FarJi..  N.  ¥..  11.  looO. 

' \bl :  ArchiTTs  (■fFedi.ilric'.  14,  275. 1007; a!«>  Weilbrerht  :Sf*wei*,  Wtth., 47, S77. "iW- 
'Strausi-:  Miin(h  mcl.  Woch.,  59,  85.  191:. 
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polarization  tests.  "lotbion"  also  interferes  with  the  Xylander  test  in 
vitro  whereas  KI  and  I  do  not. 

According  to  Riistin  and  Otto  the  addition  of  PtCU  increases  the 
delicacy  of  Nylandec's  reaction.  They  claim  that  this  procedure  causes 
the  sugar  to  be  converted  quanlUalivdy,  No  quantitative  method  has 
yet  been  devised,  however,  based  upon  this  principle. 

A  positive  Xylander  or  Boettger  test  is  probably  due  to  the  following 
reactions: 

{a)  Bi(OH)i(NO),+KOH-Bi(OH),+KNO,. 

ib)  2BiCOH)^30-Bi,  +3H,0. 

Bohmansson,'  before  testing  the  urine  under  examination  treats  it 
(10  C.C.)  with  1/5  volume  of  25  per  cent  hydrochloric  add  and  1/2 
volume  of  bone  black.  This  mixture  is  shaken  one  minute,  then  filtered, 
and  the  neutralized  filtrate  tested  by  Nylander's  reaction.  Bohmansson 
claims  that  this  procedure  removes  certain  interfering  substances,  notably 
urochrome. 

6.  Fennentation  Test — Rub  up  in  a  mortar  about  1 5  c.c.  of  the  uritve 
with  a  small  piece  of  compressed  yeast.  Transfer  the  mixture  to  a 
saccharometer  (Fig.  3,  p.  36)  and  stand  it  aside  in  a  warm  place  for  about 
12  hours.  If  dextrose  is  present,  alcoholic  fermentation  will  occur  and 
carbon  dioxide  will  collect  as  a  gas  in  the  upper  portion  of  the  tube.  On 
the  completion  of  fermentation  introduce,  by  means  of  a  bent  pipette,  a 
little  KOH  solution  into  the  graduated  portion,  place  the  thumb  tightly 
over  the  opening  in  the  apparatus  and  invert  the  saccharometer.  Explain 
the  result. 

The  important  findings  of  Neuberg  and  associates*  recently  reported 
indicate  \ery  clearly  that  the  liberation  of  carbon  dioxide  by  yeast  is  not 
necessarily  a  criterion  of  the  presence  of  sugar.  The  presence  of  a  new 
enz>'me  called  carboxylase  has  been  demonstrated  in  yeast  which  has  the 
power  of  splitting  ojf  CO1  from  Ike  carboxyl  group  of  amino  and  other 
aliphalic  acids. 

7.  Baifoed's  Test — Place  about  5  c.c.  of  Barfoed's  solution*  in 
a  test-tube  and  heat  to  boiling.  Add  the  urine  under  examination  slowly, 
a  few  drops  at  a  time,  heating  after  each  addition.  Reduction  is  indi- 
cated by  the  production  of  a  red  precipitate.  If  the  precipitate  does  not 
form  upon  continued  boiling  allow  the  tube  to  stand  a  few  minutes  and 
examine,     NaCI  interferes  with  this  test  (Wclker). 

Barfoed's  test  is  not  a  specific  test  for  dextrose  as  is  frequently  stated, 

'  Bohmanssiin:  Biochem,  Zeii.,  19,  p.  28:. 

*NeuhcrH  and  .Associates:  Biochem.  Zcituk.,  ,ii,  i;o;  jj,  jij;  30  (60,  68,  76),  191 1. 
•  Barfittd'a  solution  is  prepared  as  follows:  Dissolve  4.5  KMms  of  neutral,  crystallized 
copper  acetate  in  100  c.c.  of  water  and  add  i.i  c.c.  of  50  per  cent  acetic  add. 
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but  simply  serves  to  detect  monosaccharides.  Disaccharides  will  also 
respond  to  the  test,  according  to  Hinkel  and  Sherman,'  if  the  solution  is 
boiled  sufficiently  long  in  contact  with  the  reagent  to  kydrolyze  the  disac- 
charide  through  the  action  of  the  acetic  add  present  in  the  Barfoed's 
solution. 

Mathews  and  McGuigan-  have  also  shown  that  disaccharides  will 
respond  to  this  test  under  projwr  conditions  of  acidity. 

8.  Polariscopic  Examination. — For  directions  as  to  the  use  of  the 
polariscopc  see  page  36. 

PROTEINS. 

Normal  urine  contains  a  trace  of  protein  material  but  the  amount 
present  is  so  slight  as  to  escape  detection  by  any  of  the  simple  tests  in 
general  use  for  the  detection  of  protein  urinary  constituents.  The 
following  are  the  more  important  forms  of  protein  material  which  1 
been  detected  in  the  urine  under  pathological  conditions; 

(i)  Serum  albumin. 

(2)  Serum  globulin. 

Deutero-proteose. 

(3)  Proteoses        Hetero-proteose. 

"Bence-Jones'  protein." 

(4)  Peptone. 
fs)  Nucleoprotein. 

(6)  Fibrin. 

(7)  Oxyhaemoglobin. 


Albuminuria  is  a  condition  in  which  serum  albumin  or  serum  globulin 
appears  in  the  urine.  There  are  two  disrinct  forms  of  albuminuria,  i.  e., 
renal  albuminuria  and  accidental  albuminuria.  Sometimes  the  terms 
"true"  albuminuria  and  "false"  albuminuria  are  substituted  for  those 
just  given.  In  the  renal  type  the  albumin  is  excreted  by  the  kidneys. 
This  is  the  more  serious  form  of  the  malady  and  at  the  same  time  is  more 
frequently  encountered  than  the  accidental  type.  Among  the  causes  of 
renal  albuminuria  are  altered  blood  pressure  in  the  kidneys,  altered 
kidney  structure,  or  changes  in  the  composition  of  the  blood  entering 
the  kidneys,  thus  allowing  the  albumin  to  diffuse  more  readily.  In  the 
accidental  form  of  albuminuria  the  albumin  is  not  excreted  by  the  kidneys 
as  is  the  case  in  the  renal  form  of  the  disorder,  but  arises  from  the  blood, 

'  Hinkte  &  Sherman:  Journ.  Am.  Cketit.  Soc.,  ig,  1744,  1907. 

'Mathews  and  McGuigan:  Amtr.  Journ,  Physiol.,  to,  175,  1907, 


lymph,  or  some  albumin-con  laming  exudale  coming  into  contact  with  the 
urine  at  some  point  below  the  kidneys, 

ExPERmENTS. 

jL**  a.t-t-*-**"'^  ■  ■  ■  —  ■  ■*  -  ■ 
it,,rtL.TTp1|ftr's  BJT^fT  Tpst.g-Plarp  5  c.c.  of  concentrated  HNOj  in  a  test- 
tube,  incline  the  tube,  and,  by  means  of  a  pipette  allow  the  urine  to  flow 
slowly  down  the  side.  The  liquids  should  stratify  with  the  formation  of 
a  white  zone  of  precipitated  albumin  at  the  point  of  juncture.  If  the 
albumin  is  present  in  very  small  amount  the  white  zone  may  not  form  until 
the  tube  has  been  allowed  to  stand  for  several  minutes,  If  the  urine  is 
quite  concentrated  a  white  zone,  due  to  uric  acid  or  urates,  will  form 
upon  treatment  with  nitric  acid  as  indicated.  This  ring  may  be  easily 
differentiated  from  the  albumin  ring  by  repeating  the  test  after  diluting 
the  urine  with  3  or  4  volumes  of  water,  whereupon  the  ring,  if  due  to  uric 
acid  or  urates,  will  not  appear.  It  is  ordinarily  possible  to  differentiate 
between  the  albumin  ring  and  the  uric  acid  ring  without  diluting  the 
urine,  since  the  ring,  when  due  to  uric  acid,  has  ordinarily  a  less  sharply 
defined  upper  border,  is  generally  broader  than  the  albumin  ring  and  fre- 
quently is  situated  in  the  urine  above  the  point  of  contact  with  the  nitric 
acid.  Concentrated  urines  also  occasionally  exhibit  the  formation,  at 
the  point  of  contact,  of  a  cryslallitie  ring  with  very  sharply  defined  borders. 
This  is  urea  nitrate  and  is  easily  distinguished  from  the  "fluffy"  ring  of 
albumin.  If  there  is  any  difiiculty  in  differentiation  a  simple  dilution  of 
the  urine  with  water,  as  above  described,  will  remove  the  difficulty. 
Various  colored  zones,  due  either  to  the  presence  of  indican,  bile  pig- 
ments, or  to  the  oxidation  of  other  organic  urimay  constituents,  may 
form  in  this  test  under  certain  conditions.  These  colored  rings  should 
never  be  confounded  with  the  while  ring  which  alone  denotes  the  pres- 
ence of  albumin. 

After  the  administration  of  certain  drugs  a  white  precipitate  of  resin 
acids  may  form  at  the  point  of  contact  of  the  two  fluids  and  may  cause 
the  observer  to  draw  wrong  conclusions.  This  ring,  if  comiwsed  of 
resin  acids,  will  dissolve  in  alcohol,  whereas  the  albumin  ring  will  not 
dissolve. 

Weinberger  has  recently  shown  that  a  ring  closely  resembling  the 
albumin  ring  is  often  obtained  in  urines  preserved  by  thymol  when  sub- 
jected lo  Heller's  test.  The  ring  is  due  to  the  formation  of  nitrosothymol 
and  possibly  nitrothymol.  If  the  thymol  is  removed  from  the  urine  by 
extraction  with  petroleum  ether'  previous  to  adding  nitric  acid,  the  ring 
does  not  form. 
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An  instrument  called  the  dbumoscope  (hortsnutscope)  has  been  devised 
for  use  in  this  test  and  has  met  with  considerable  favor.  The  method  of 
using  the  albumoscope  is  described  below. 

Use  of  Uie  Albumoscope. — This  instrument  is  intended  to  facilitate 
the  making  of  "ring"  tests  such  as  Heller's  and  Roberts',  In  making 
a  test  about  5  c.c.  of  the  solution  under  examination  is  first  introduced 
into  the  apparatus  through  the  larger  arm  and  the  reagent  ustd  in  the 
particular  test  is  then  introduced  through  the  capillary  arm  and  allowed 
to  flow  down  underneath  the  solution  under  examination.  If  a  reason- 
able amount  of  care  is  taken  there  is  no  possibility  of  mixing  the  two 
solutions  and  a  definitely  defined  white  "ring"  is  easily  obtained  at  the 
zone  of  contact. 

A>  t.  Roberts'  Rinfi  Test. — Place  5  c.c.  of  Roberts'  reagent'  in  a  test- 

Jtube,  incline  the  lube,  and  by  means  of  a  pipette  allow  the  urine  to  flow 
slowly  down  the  side.  The  liquids  should  stratify  with  the  formation  of  a 
while  zone  of  precipitated  albumin  at  the  point  of  juncture.  This  test  is 
a  modification  of  Heller's  ring  test  and  is  rather  more  satisfactory  than 
that  test,  since  the  colored  rings  never  form  and  the  consequent,  confusion 
is  avoided.  The  albumoscope  (see  above)  may  also  be  used  in  making 
thb  test. 

3.  Spie^r's  Ring  Test — Place  5  c.c.  of  Spiegler's  reagent^  in  a  test- 
tube,  incline  the  tube,  and,  by  means  of  a  pipette,  allow  5  c.c.  of  urine. 
acidified  with  acetic  acid,  to  flow  slowly  down  the  side.  A  white  zone 
will  form  at  the  point  of  contact.  This  is  an  exceedingly  delicate  test,  in 
fact  too  delicate  for  ordinary  clinical  purposes,  since  it  serves  to  detect 
albumin  when  present  in  the  merest  trace  (1:250.000)  and  hence  most 
normal  urines  will  give  a  positive  reaction  for  albumin  when  this  test  is 
applied. 

Some  investigators  claim  that  the  delicacy  of  this  test  depends  upon 
the  presence  of  sodium  chloride  in  the  urine,  the  test  losing  accuracy  if  the 
sodium  chloride  content  be  low. 

4.  Jolles'  Reaction. — Shake  5  c.c.  of  urine  with  1  c.c.  of  30  per  cent 

acetic  acid  and  4  c.c.  of  Jolles'  reagent'  in  a  test-tube.     A  white  precipitate 

indicates  the  presence  of  albumin. 

■  Robert's  reagent  is  composed  <i[  i  volume  of  concentTBted  HNUi  and  5  volumes  i>(  a 
uluraccd  solution  of  MrSOi. 

*  Spiegler's  reagent  hoG  the  following  compositinn- 

Turtaric  add. 

Mercuric  chloride. 

Glycerol 

Distilled  water 

'  Jolles'  reagent  has  tlie  following  compontton: 

Sucdoic  add 

Mercuric  chloride. ..-.-,..-, ,  . 

Sodium  chloride ,,,,.. 

Dblillcd  water 


b 
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Care  should  be  taken  to  use  the  correct  amount  of  acetic  acid,  since  the 
use  of  too  small  an  amount  may  result  in  the  formation  of  mercury  com- 
binations  which  may  cause  confusion.  In  the  presence  of  iodine,  mer- 
curic iodide  will  form  but  may  readily  be  differentiated  from  albumin 
through  the  fact  that  it  is  soluble  in  alcohol. 

5.  Coagulation  or  Boiling  Test— (a)  Heat  5  c.c.  of  urine  to  boil- 
ing in  a  test-tube.  A  precipitate  forming  at  this  point  is  due  either 
to  albumin  or  to  phosphates.  Acidify  the  urine  slightly  by  the  addition 
of  3-5  drops  of  very  dilute  acetic  add,  adding  the  add  drop  by  drop 
to  the  hot  solution.  If  the  predpitate  is  due  to  phosphates  it  will  dis- 
appear under  these  conditions,  whereas  if  it  is  due  to  albumin  it  will 
not  only  fail  to  disappear  but  will  become  more  flocculcnt  in  character, 
since  the  reaction  of  a  fluid  must  be  add  to  secure  the  complete  pre- 
dpitation  of  the  albumin  by  this  coagulation  process.  Too  much  add 
should  be  avoided  since  it  will  cause  the  albumin  to  go  into  solution. 
Certain  resin  tutds  may  be  precipitated  by  the  acid,  but  the  predpitate 
due  to  this  cause  may  be  easily  differentiated  from  the  albumin  pre- 
cipitate by  reason  of  its  solubility  in  alcohol. 

{b)  A  modification  of  this  test  in  quite  general  use  is  as  follows: 
Fill  a  test-tube  two-thirds  full  of  urine  and  gently  heat  the  upper  half 
of  the  fluid  to  boiling,  being  careful  that  this  fluid  docs  not  mbt  with 
the  lower  half.  A  turbidity  indicates  albumin  or  phosphates.  Acidify 
the  urine  slightly  by  the  addition  of  3-5  drops  of  dilute  acetic  acid,  when 
the  turbidity,  if  due  to  phosphates,  will  disappear. 

Nitric  acid  is  often  used  in  place  of  acetic  add  in  these  tests.  In 
case  nitric  acid  is  used  ordinarily  1-2  drops  is  sufficient. 

6.  Acetic  Add  and  Potassium  Ferrocyanide  Test— To  5  c.c.  of 
urine  in  a  test-tube  add  5-10  drops  of  acetic  acid.  Mix  well  an<l  add 
potassium  ferrocyanide  drop  by  drop,  until  a  precipitate  forms.  This 
is  a  verj'  delicate  test.  Schmiedl  claims  that  a  precipitate  of  ?"efCn)»KjZn 
or  Fe(Cn)&Zni  is  formed  when  urines  containing  zinc  are  subjected 
to  this  test  and  that  this  predpitate  resembles  the  precipitate  secured 
with  protein  solutions.  In  the  case  of  human  urine  a  reaction  was 
obtained  when  0.000022  gram  of  zinc  per  cubic  centimeter  was  pres- 
ent. Schmiedl  further  found  that  the  urine  collected  from  rabbits 
housed  in  zinc-lined  cages  possessed  a  zinc  content  which  was  sufficient 
to  yield  a  ready  response  to  the  test.  Zinc  is  the  only  interfering  sub- 
stance so  far  reported. 

7.  Tanrefs  Test— To  5  c.c.  of  urine  in  a  test-tube  add  Tarnet's 

reagent'  drop  by  drop  until  a  turbidity  or  precipitate  forms.     This 

'  Tanrel's  reagent  is  prepared  as  follows:  iJissolve  i .  js  gtam  of  nicrcuric  chloride  in 
IS  c.c.  of  water,  add  to  this  solution  3.32  grams  of  potassium  iodide  dissolved  in  15  c.c-  of 
wa^,  tttcn  make  the  tot&l  solution  up  to  60  c.c.  wiui  water  and  add  zo  c.c.  of  gUdal  acetic 
acid  to  tlie  mixture. 
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is  an  excuedingly  delicate  test.  Sometimes  the  urine  is  stratified  uptin 
the  reagent  as  in  Heller's  or  Roberts'  ring  test.  According  to  Repiton, 
urates  interfere  with  the  delicacy  of  this  test.  Tanret,  however,  claims 
that  urates  do  not  interfere  inasmuch  as  any  precipitate  due  to  urates 
may  be  brought  into  solution  by  heat  whereas  an  albumin  precipitate 
under  the  same  conditions  will  persist.  Tanret  further  states  that 
mucin  interferes  with  the  delicacy  of  the  test  and  that  it  should  therefore 
be  removed  from  the  urine  under  examination  by  acidification  with 
acetic  acid  and  filtration  before  testing  for  albumin. 

8.  Sodium  Chloride  and  Acetic  Acid  Test — Mix  two  voliunes 
of  urine  and  one  volume  of  a  saturated  solution  of  sodium  chloride 
in  a  test-tube,  acidify  with  acetic  acid,  and  heat  to  boiling.  The  pro- 
duction of  a  cloudiness  or  the  formation  of  a  precipitate  indicates  the 
presence  of  albumin.  The  resin  adds  may  interfere  here  as  in  the 
ordinary  coagulation  test  (page  335),  but  they  may  be  easily  differenU- 
ated  from  albumin  by  means  of  their  solubility  in  alcohol. 

t).  Potassium  Iodide  Test. "^Dilute  s  ex.  of  the  urine  under  ex- 
amination with  10  c.c.  of  water  and  stratify  this  mixture  upon  a  potas- 
sium ii>dide  solution  made  slightly  acid  with  acetic  acid.  In  the  pres- 
ence of  0.01-0.02  per  cent  of  albumin  a  white  ring  forms  immediately. 
If  the  test  be  allowed  to  stand  two  minutes  after  the  stratification  it 
will  serve  to  detect  0.005  per  cent  of  albumin. 
GLOBDLIH. 

Serum  globulin  is  not  a  constituent  of  normal  urine  but  frequently 
occurs  in  the  urine  under  pathological  conditions  and  is  ordinarily 
associated  with  serum  albumin.  In  albuminuria  globulin  in  varying 
amounts  often  accompanies  the  albumin,  and  the  clinical  significance 
of  the  two  is  very  similar.  Under  certain  conditions  globulin  may  occur 
in  the  urine  unaccompanied  by  albumin. 

Experiments. 

Globulin  will  respond  to  all  the  tests  just  outlined  under  Albumin. 
If  it  is  desirable  to  differentiate  between  albumin  and  globulin  in  any 
urine  the  following  processes  may  be  employed; 

I.  Saturation  with  Magnesium  Suljhate. — Place  25  c.c.  ofneutral 
urine  in  a  small  beaker  and  add  pulverized  magnesium  sulphate  in 
substance  to  the  point  of  saturation.  If  the  protein  present  is  globulin 
it  will  precipitate  at  this  point.  If  no  precipitate  is  produced  acidify 
the  saturated  solution  with  acetic  acid  and  warm  gently.  Albumin  will 
be  precipitated  if  present. 

The  above  procedure  may  be  used  to  separate  globulin  and  albumin 
■  Pharm-  Zig.,  54,  p.  61 1. 


if  present  in  the  same  urine.  To  do  this  lilter  off  the  globulin  after  it 
has  been  precipitated  by  the  magnesium  sulphate,  then  acidify  the  dear 
solution  and  warm  gently  as  directed.  Note  the  formation  of  the  albumin 
precipitate. 

2.  Half -saturation  with  Ammonhim  Sulphate. — Place  25  c.c. 
of  neutral  urine  in  a  small  beaker  and  add  an  equal  volume  of  a  satu- 
rated solution  of  anunonium  sulphate.  Globulin,  if  present,  mil  be 
precipitated.  If  no  precipitate  forms  add  ammonium  sulphate  in  sub- 
stance to  the  point  of  saturation.  II  albumin  is  present  it  will  be  pre- 
cipitated upon  saturation  of  the  solution  as  just  indicated.  This  method 
may  also  be  used  to  separate  globulin  and  albumin  when  they  occur 
in  the  same  urine. 

Frequently  in  urine  which  contains  a  farge  amount  of  urates  a  pre- 
cipitate of  ammonium  urate  may  occur  when  the  ammonium  sulphate 
solution  is  added  to  the  urine.  This  urate  precipitate  should  not  be 
confounded  with  the  precipitate  due  to  globulin.  The  two  precipitates 
may  be  differentiated  by  means  of  the  fact  that  the  urate  precipitate 
ordinarily  appears  only  after  the  lapse  of  several  minutes  whereas  the 
globulin  generally  precipitates  at  once. 

PROTEOSE  AND  PEPTONE, 

Proteoses,  particularly  deutero-proteose  and  hetero-proteose,  have 
frequently  been  found  in  the  urine  under  various  pathological  con- 
ditions such  as  diphtheria,  pnciunonia,  intestinal  ulcer,  carcinoma, 
dermatitis,  osteomalacia,  atrophy  of  the  kidneys,  and  in  sarcomata 
of  the  bones  of  the  trunk.  " Bence- Jones'  protein,"  a  proteose-like 
substance,  is  of  interest  in  this  connection  and  its  appearance  in  the 
urine  is  believed  to  be  of  great  diagnostic  importance  in  cases  of  multi- 
ple myeloma  or  myelogenic  osteosarcoma.  By  some  investigators  this 
protein  is  held  to  be  a  variety  of  hetero-proteose  whereas  others  claim 
that  it  possesses  albumin  characteristics. 

Peptone  certainly  occurs  much  less  frequently  as  a  constituent  of 
the  urine  than  does  proteose,  in  fact  most  investigators  seriously  ques- 
tion its  presence  under  any  conditions.  There  are  many  instances 
of  peptonuria  cited  in  the  early  literature,  but  because  of  the  uncertainty 
in  the  conception  of  what  really  constituted  a  peptone  it  is  probable  that 
in  many  cases  of  so-called  peptonuria  the  protein  present  was  really 
proteose. 

Experiments. 

1.  Boiling  Test — Make  the  ordinary  coagulation  test  according 
to  the  directions  given  under  Albumin,  page  335.    If  no  coagulable 
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protein  is  found  allow  the  boiled  urine  to  st&nd  and  note  the  gradual 
appearance,  in  the  cooled  fluid,  of  a  flaky  predpitale  of  proteose.  This 
is  a  crude  test  and  should  never  be  relied  upon. 

2.  Schulte's  Method. — Acidify  50  c.c.  of  urine  with  dilute  acetic 
add  and  filler  off  any  precipitate  of  nucleoprotein  which  may  form. 
Now  test  a  few  cubic  centimeters  of  the  urine  for  coagulable  protein,  by 
tests  2  and  5  under  Albumin,  pp.  334-5.  If  coagulable  protein  is  present 
remove  it  by  coagulation  and  liltration  before  proceediog.  Introduce 
25  c.c.  of  the  urine,  freed  from  coagulable  protein,  into  150  c.c.  of  absolute 
alcohol  and  allow  it  to  stand  for  12-24  hours.  Decant  the  supernatant 
fluid  and  dissolve  the  precipitate  in  a  small  amount  of  hot  water.  Now 
filter  this  solution,  and  after  testing  again  for  nucleoprotein  with  very 
dilute  acetic  acid,  try  the  biuret  test.  If  this  test  is  positive  the  presence 
of  proteose  is  indicated.' 

Urobilin  does  not  ordinarily  interfere  with  this  test  since  it  is  almost 
entirely  dissolved  by  the  absolute  alcohol  when  the  i>roteose  is  precipitated. 
3.  V.  Aider's  Method.^Acidify  10  c.c.  of  urine  with  hydrochloric 
add,  add  phosphotungslic  add  until  no  more  precipitate  forms  and 
centrifugate'  the  solution.  Decant  the  supernatant  fluid,  add  some 
absolute  alcohol  to  the  precipitate,  and  centrifugate  again.     This  washing 

[with  alcohol  is  intended  to  remove  the  urobilin  and  hence  should  be  con- 
tinued so  long  as  the  alcohol  exhibits  any  coloration  whatever.  Now 
suspend  the  predpitate  in  water  and  add  potassium  hydroxide  to  bring  it 
into  solution.  At  this  jwint  the  solution  may  be  blue  in  color,  in  which 
case  decoiorization  may  be  secured  by  gently  heating.  Apply  the  biuret 
test  to  the  eool  solution.  A  positive  biuret  test  indicates  the  presence  of 
proteoses. 
4.  Detection  of  "Bence-Jones'  Protein." — Heat  the  suspected 
urine  verj-  gently,  carefully  noting  the  temperature.  At  as  low  a  tem- 
perature as  40°  C.  a  turbidity  may  be  observed,  and  as  the  temperature  is 
raised  to  about  60°  C.  a  flocculent  precipitate  forms  and  clings  to  the  sides 
of  the  test-tube.  If  the  urine  is  now  addified  very  slightly  with  acetic 
add  and  the  temperature  further  raised  to  100°  C.  the  predpitate  at  least 
partly  disappears;  it  will  return  ufwn  cooUng  the  tube. 
This  property  of  precipitating  at  so  low  a  temperature  and  of  dis- 
solving at  a  higher  temperature  is  t>'pical  of  "  Bence-Jones'  protein"  and 
may  be  used  to  dltTerentiate  it  from  all  other  forms  of  protein  material 
occurring  in  the  urine. 


it  is  constdered  desirable  to  lest  (or  peptone  ihc  proteose  may  be  removed  by  si 
with  (NHiJiSOj  according  to  the  directions  given  on  pnge  1 10  and  the  filtrate  tested 
for  peptone  by  the  biuret  lest. 

'  If  not  convenient  to  use  a  centrifuge  Ibe  precipilatL'  may  be  filtered  oil  anil  wasbod  Oi 
the  filter  pa[ier  with  alcohol. 


ITOCLEOPHOTEIN. 

There  has  been  considerable  controversy  as  to  the  proper  classUication 
for  the  protein  body  which  forms  the  "nubecula"  of  normal  urine.  By 
different  investigators  it  has  been  called  tnwiu,  mucoid,  phosphoprotein, 
nucleoalbumin,  and  nudeo protein.  Of  course,  according  to  the  modern 
acceptation  of  the  meanings  of  these  terms  they  cannot  be  synonymous. 
Mucin  and  mucoid  are  glycoproteins  and  hence  contain  no  phophorus 
(see  p.  112).  whereas  phosphoproteins  and  nucleoproteins  are  phos- 
phorized  bodies.  4  may  possibly  be  that  both  these  forms  of  protein, 
i.  e.,  the  glycoprotein  and  the  phosphorized  type,  occur  in  the  urine  under 
certain  conditions  (see  page  308).  In  this  connection  we  will  use  the 
term  nttcleoprolein.  The  pathological  conditions  under  which  the  content 
of  nucleoprotein  is  increased  includes  all  affections  of  the  urinary  passages 
and  in  particular  pyelitis,  nephritis,  and  inflammation  of  the  bladder. 

Experiments. 

1.  Detection  of  Nucleoprotein. — Place  10  c,c.  of  urine  in  a  small 
beaker,  dilute  it  with  three  volumes  of  water  to  prevent  precipitation  of 
urates,  and  make  the  reaction  very  strongly  acid  with  acetic  acid.  If  the 
urine  becomes  turbid  it  is  an  indication  that  nucleoprotein  is  present. 

If  the  urine  under  examination  contains  albumin  the  greater  portion 
of  this  substance  should  be  removed  by  boiling  the  urine  before  testing  it 
for  the  presence  of  nucleoprotein. 

2.  Ott's  PrecipitatioiiTest.^Mix  25  c.c.  of  the  urine  with  an  equal 
volume  of  a  saturated  solution  of  sodium  chloride  and  slowly  add  Almen's 
reagent.'  In  the  presence  of  nucleoprotein  a  voluminous  precipitate 
forms. 

BLOOD. 

The  pathological  conditions  in  which  blood  occurs  in  the  urine  may  be 
classified  under  the  two  divisions  kamaturia  and  hemoglobinuria.  In 
hematuria  we  are  able  to  detect  not  only  ihe  hicmnglobin  but  the  unrup- 
tured corpuscles  as  well,  whereas  in  hemoglobinuria  the  pigment  alone  is 
present.  Hematuria  is  brought  about  through  blood  passing  into  the 
urine  because  of  some  lesion  of  the  kidney  or  of  the  urinary  tract  below 
the  kidney.  Hemoglobinuria  is  brought  aboat  through  hieraolysis,  i.  e., 
the  rupturing  of  the  stroma  of  the  erythrocyte  and  the  liberation  of  the 
haemoglobin.  This  may  occur  in  scurvy,  typhus,  pyemia,  purpura,  and 
in  other  diseases.     It  may  also  occur  as  the  result  of  a  burn  covering  a 
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considerable  area  of  the  body,  or  may  be  brought  about  through  the 
action  of  certain  poisons  or  by  the  injections  of  various  substances  having 
the  power  of  dissolving  the  erythrocytes.  Transfusion  of  blood  may  also 
cause  hismoglobinuria. 

Experiments. 

1.  Heller's  Test. — Render  lo  c.c.  of  urine  strongly  alkaline  with 
potassium  hydroxide  solution  and  heat  to  boiling.  Upon  allowing  the 
heated  urine  to  stand  a  precipitate  of  phosphates,  colored  red  by  the 
contained  haematin,  is  formed.  It  is  ordinarily  well  to  make  a  "control" 
experiment  using  normal  urine,  before  coming  to  a  linal  decision. 

Certain  substances,  such  as  cascara  sagrada,  rhubarb,  santonin,  and 
senna,  cause  the  urine  to  give  a  similar  reaction.  Reactions  due  to  such 
substances  may  be  differentiated  from  the  true  blood  reaction  by  the 
fact  that  both  the  precipitate  and  the  pigment  of  the  former  reaction 
disappear  when  treated  with  acetic  acid,  whereas  if  the  color  is  due  to 
bsematin  the  acid  will  only  dissolve  the  precipitate  of  phosphates  and 
leave  the  pigment  undissolved. 

2.  Teichmann's  Hsemin  Test.^Place  a  small  drop  of  the  suspected 
urine  or  a  small  amount  of  the  moist  sediment  on  a  microscopic  slide, 
add  a  minute  grain  of  sodium  chloride  and  carefully  evaporate  to  dryness 
over  a  lo'tv  flame.  Put  a  cover  glass  in  place,  run  underneath  it  a  drop  of 
glacial  acetic  acid,  and  warm  gently  until  the  formation  of  gas  bubbles 
is  observed.  Cool  the  preparation,  examine  under  the  microscope,  and 
compare  the  form  of  the  crystals  with  those  reproduced  in  Figs.  59  and 
60,  page  211.     (See  Atkinson  and  Kendall's  modification,  p.  zio.) 

3.  Heller-Teichmann  Reaction. — Produce  the  pigmented  precipi- 
tate according  to  directions  given  in  Heller's  test  above.  If  there  is 
a  copious  precipitate  of  phosphates  and  but  little  pigment  the  phosphates 
may  be  dissolved  by  treatment  with  acetic  acid  and  the  residue  used  in  the 
formation  of  the  haemin  crystals  according  to  directions  in  Experiment  2, 
above. 

4.  V.  Zeynek  and  rfencki's  Hsmin  Test. — To  lo  c.c.  of  the  urine 
under  examination  add  acetone  until  no  more  precipitate  forms.  Filter 
off  the  precipitate  and  extract  it  with  10  c.c.  of  acetone  rendered  acid 
with  2-3  drops  of  hydrochloric  acid.  Place  a  drop  of  the  resulting  colored 
extract  on  a  shde,  immediately  place  a  cover  glass  in  position,  and  examine 
under  the  microscope.  Compare  the  form  of  the  crystals  with  those 
shown  in  Figs.  59  and  60,  page  211.  Htemin  crystals  produced  by  this 
manipulation  are  sometimes  very  minute,  thus  rendering  it  difficult  to 
determine  the  exact  form  of  the  crystal. 

S-  Schfllfijew's  Hsemin  Test.- — Place  20  c.c.  of  glacial  acetic  acid  in 


a  small  beaker  and  heat  to  80°  C.  Add  5  c.c.  of  the  urine  under  examina- 
tion, raise  the  temperature  to  80°  C,  and  stand  the  mixture  aside  to  cool. 
Examine  the  crystals  under  the  microscope  and  compare  them  with  those 
shown  in  Figs.  59  and  60,  page  211. 

6.  Guaiac  Test. — Place  5  c.c.  of  urine  in  a  test-tube  and  by  means 
of  a  pipette  introduce  a  freshly  prepared  alcoholic  solution  of  guaiac 
(strength  about  1:60)  into  the  fluid  until  a  turbidity  results,  then  add 
old  turpentine  or  hydrogen  peroxide,  drop  by  drop,  until  a  blue  color  is 
obtained.  This  is  a  very  delicate  test  when  properly  performed.  Buck- 
master  has  recently  suggested  the  use  of  guaiaconic  acid  instead  of  the 
solution  of  guaiac.     See  discussion  on  page  204  and  test  on  page  209. 

7.  Schumm's  Modification  of  the  Guaiac  Test, — To  about  5  c.c. 
of  urine'  in  a  test-tube  add  about  10  drops  of  a  freshly  prepared  alcoholic 
solution  of  guaiac.  Agitate  the  tube  gently,  add  about  20  drops  of  old 
turpentine,  subject  the  tube  to  a  thorough  shaking,  and  permit  it  to  stand 
for  about  2-3  minutes.  A  blue  color  indicates  the  presence  of  blood  in 
the  solution  under  examination.  In  case  there  is  not  sufficient  blood  to 
yield  a  blue  color  under  these  conditions,  a  few  c.c.  of  alcohol  should  be 
added  and  the  tube  gently  shaken,  whereupon  a  blue  coloration  will 
appear  in  the  upper  alcohol- turpentine  layer. 

A  control  test  should  always  be  made  using  water  in  place  of  urine. 
In  the  detection  of  ver>'  minute  traces  of  blood  only  3-5  drops  of  the 
guaiac  solution  should  be  employed. 

8.  Adler's  Benzidine  Reaction.- — This  is  one  of  the  most  delicate  of 
the  reactions  for  the  detection  of  blood.  Different  benzidine  preparations 
vary  greatly  in  their  sensitiveness,  however.  Inasmuch  as  benzidine 
solutions  change  readily  upon  contact  with  light,  it  is  essential  that  they 
be  kept  in  a  dark  place.  The  test  is  performed  as  follows:  To  a  saturated 
solution  of  benzidine  in  alcohol  or  glacial  acetic  acid  add  an  equal  volume 
of  3  per  cent  hydrogen  peroxide  and  i  c.c.  of  the  urine  under  examination. 
If  the  mixture  is  not  already  acid,  render  it  so  with  acetic  acid,  and  note 
the  appearance  of  a  green  or  blue  color.  A  control  test  should  be  made 
substituting  water  for  the  urine. 

Often  when  urines  containing  a  small  amount  of  blood  are  tested  by 
this  reaction,  the  mixture  is  rendered  so  turbid  as  to  make  it  difficult  to 
decide  as  to  the  presence  of  a  faint  green  color.  Such  urines  should  be 
extracted  with  an  ether-acetic  acid  solution  and  the  resulting  extract 
washed  with  water  before  the  test  is  applied  to  it.  The  sensitiveness  of 
the  Ijenzidine  reaction  is  greater  when  applied  to  aqueous  solutions  than 
when  applied  to  the  urine. 
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9.  Spectroscopic  Examinaticii. — Submit  the  urine  to  a  spectro- 
scopic examination  according  to  the  directions  given  on  page  2 15,  looking 
especially  for  the  absorption-bands  of  oxyhacmoglobin  and  methasmo- 
globin  (see  Absorption  Spectra,  Plate  I.). 

BILE. 

Both  the  pigments  and  the  acids  of  the  bile  may  be  detected  in  the 
urine  under  certain  pathological  conditions.  Of  the  pigments,  bilirubin 
is  the  only  one  which  has  been  positively  identified  in  fresh  urine;  the 
other  pigments,  when  present,  are  probably  derived  from  the  bilirubin. 
A  urine  containing  bile  may  be  yellowish-green  to  brown  in  color  and 
when  shaken  foams  readily.  The  staining  of  the  various  tissues  of  the 
body  through  the  absorption  of  bile  due  to  occlusion  of  the  bile  duct 
cause  a  condition  known  as  icterus  or  Jaundice.  Bile  is  always  present  in 
the  urine  under  such  conditions  unless  the  amount  of  bile  reaching  the 
tissues  is  extremely  small. 

Experiments. 
Tests  for  Bile  Piements. 

1.  Gmelin's  Test. — To  about  5  c.c.  of  concenlralcd  nitric  add  in  a 
test-lube  add  an  equal  volume  of  urine  carefully  so  that  the  two  fluids  do 
not  mix.  At  the  point  of  contact  note  the  various  colored  rings,  ^ccw, 
blue,  I'iolel,  red,  and  reddisli-yellow. 

2.  Rosenbach's  Modificaticn  of  Gmelin's  Test. — Filter  5  c,c.  of 
urine  through  a  small  filter  paper.  Introduce  a  drop  of  concentrated  nitric 
add  into  the  cone  of  the  jiaper  and  observe  the  succession  of  colors  as 
given  in  Gmelin's  lest. 

3.  Nakayama's  Reaction. — To  5  c.c.  of  urine  in  a  test-tube  add  an 
equal  volume  of  a  10  per  cent  solution  of  barium  chloride.  Centrifugate 
the  mixture,  pour  off  the  supernatant  fluid,  and  heat  the  precipitate  with 
2  c.c.  of  Nakayama's  reagent.'  In  the  presence  of  bile  pigments  the 
solution  assumes  a  blue  or  green  color. 

3.  Huppert's  Reaction. — ThorougUy  shake  equal  volumes  of  urine 
and  milk  of  lime  in  a  test-tube.  The  pigments  unite  with  thecaldiun 
ajid  are  prcdpitated.  Filter  off  the  predpitate,  wash  it  with  water,  and 
transfer  to  a  small  beaker.  Add  alcohol  acidified  slightly  with  hydro- 
chloric add  and  warm  upon  a  water-bath  until  the  solution  becomes 
colored  an  emerald  green. 

According  to  Steensnia,  this  procedure  may  give  negative  results 

'  Prepared  by  combining  99  c.c.  of  alcohol  and  1  c.c.  of  fuming  hydrothlnr 


bining  91, 
Uining  4  gramt  of  ferric  chloride  per  liter. 
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even  in  the  presence  of  the  pigments,  owing  to  the  fact  that  the  add- 
alcohol  is  not  a  suiEciently  strong  oxidizing  agent.  He  therefore  suggests 
the  addition  of  a  drop  of  a  0.5  per  cent  solution  of  sodium  nitrite  to  the 
add-alcohol  mixture  before  warming  on  the  water-bath.  Try  this 
modification  also. 

4.  Salkowski's  Test— Render  5  c.c.  of  urine  alkaline  with  a  few 
drops  of  a  10  per  cent  sodium  carbonate  solution  and  add  a  10  per  cent 
solution  of  calcium  chloride,  drop  by  drop,  until  the  supernatant  fluid 
exhibits  the  normal  urinar>'  color  when  the  contents  of  the  test-tube 
are  thoroughly  mixed.  Filter  off  the  predpitate,  and  after  washing  it 
place  it  in  a  second  tube  with  95  per  cent  alcohol.  Acidify  the  alcohol 
with  hydrochloric  acid  and,  if  necessary,  shake  the  tube  to  bring  the 
precipitate  into  solution.  Heat  the  solution  to  boiling  and  observe  the 
appearance  of  a  green  color  which  changes  through  blue  and  violet  to 
red;  if  no  bile  is  present  the  solution  does  not  undergo  any  color  change. 
This  test  will  frequently  exhibit  greater  delicacy  than  Gmelin's  test. 
Steensma's  suggestions  menUoned  under  Huppert's  Reaction,  above, 
apply  in  connection  with  this  test  also. 

g.  Hammarsten's  Reaction. — To  about  5  c.c.  of  Hammarsten's 
reagent'  in  a  small  e\'aporating  dish  add  a  few  drops  of  urine.  A  green 
color  is  produced.  If  more  of  the  reagent  is  now  added  the  play  of 
colors  as  noted  in  Gmelin's  test  may  be  obtained. 

6.  Smith's  Test. — To  2-3  c.c.  of  urine  in  a  test-tube  add  carefully 
about  5  c.c.  of  dilute  tincture  of  iodine  (i  :  10)  so  that  the  fluids  do  not 
mix.     A  green  ring  is  obser\'ed  at  the  point  of  contact. 

7.  Saikowskf-Sctuppers  Reaction.^ — Neutralize  the  addity  of  10 
c.c.  of  the  urine  under  examination  with  a  few  drops  of  a  dilute  solution 
of  sodium  carbonate,  and  add  5  drops  of  a  20  per  cent  solution  of  sodium 
carbonate  and  ro  drops  of  a  20  per  cent  solution  of  caldum  chloride. 
Filter  off  the  resultant  precipitate  upon  a  hardened  filter  paper  and  wash 
it  with  water.  Remove  the  predpitate  to  a  small  porcelain  dish,  add 
3  c.c.  of  an  acid-alcohol  mixture'  and  a  few  drops  of  a  dilute  solution 
of  sodium  nitrite  and  heat.  The  production  of  a  green  color  indicates 
the  presence  of  bile  pigments. 

8.  Bonaxmo's  Reaction.' — Place  5-10  c.c.  of  the  urine  under 
examination  in  a  small  porcelain  evaporating  dish  and  add  a  few  drops 
of  Bonanno's  reagent.*     If  bile  is  present  an  emerald-green  color  will 

'  Hammars leu's  reBgent  is  made  by  miiiiig  i  volume  of  2$  per  cent  nitric  add  and  19 
volumea  ol  15  |ier  cent  hydrochloric  acid  and  then  adding  t  volume  o(  thig  add  mixture 
to  4  volumes  of  95  per  cent  alcohol. 

*  Made  by  adding  5  c.c.  of  concentrated  hydrochloric  acid  to  gs  '^•^-  **^  9^  P^^  <^^"^  alcohol. 
'IlTommasi.  a,  Nu,  11. 

*  This  reagenl  may  be  prepared  by  dissolving  3  grama  of  sodium  nitrite  in  100  c.c.  of 
concentrated  hydrochloric  acid. 
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develop.    Bonanno  says  the  reaction  is  not  interfered  with  by  any  known 
normal  or  pathological  urinary  constituent. 
Tests  for  Bile  Adds. 
J^         I.  Pettenkctfer's  Test — To  $  c-c-  of  urine  in  a  test-tube  add  s 
?j  '         drops  of  a  5  per  cent  solution  of  sucrose.     Now  incline  the  tube,  run 
about  2-3  C.C.  of  concentrated  sulphuric  acid  carefully  down  the  side 
and  note  the  red  ring  at  the  point  of  contact.    Upon  slightly  agitating 
the  contents  of  the  tube  the  whole  solution  gradually  assumes  a  reJdisk 
color.    As  the  tube  becomes  warm,  it  should  be  cooled  in  running  water 
in  order  that  the  temperature  may  not  rise  above  70°  C. 

2.  Mj^s's  Modification  of  Petteiikofer*s  Test — To  approxi- 
mately s  C.C.  of  urine  in  a  test-tube  add  3  drops  of  a  very  dilute  (i  :  1000) 
aqueous  solution  of  furfurol, 

HC CH 

HC        C.CHO. 

O 
Now  incline  the  tube,  run  about  2-3  c.c.  of  concentrated  sulphuric  acid 
carefully  down  the  side  and  note  the  red  ring  as  above.    In  this  case 
also,  upon  shaking  the  tube,  the  whole  solution  is  colored  red.     Keep 
the  temperature  below  70°  C.  as  before. 

3.  Neukotnm's  Modification  of  Pettenkofer's  Test — To  a  few 
drops  of  urine  in  an  evaporating  dish  add  a  trace  of  a  dilute  sucrose 
solution  and  one  or  more  drops  of  dilute  sulphuric  acid.  Evaporate 
on  a  water-bath  and  observe  the  development  of  a  violet  color  at  the 
edge  of  the  evaporating  mixture.  Discontinue  the  evaporation  as  soon 
as  the  color  is  observed. 

4.  V.  Udransky's  Test — To  5  c.c.  of  urine  in  a  test-tube  add  3-4 
drops  of  a  very  dilute  (i  :  1000)  aqueous  solution  of  furfurol.  Place 
the  thumb  over  the  top  of  the  tube  and  shake  until  a  thick  foam  is  formed. 
By  means  of  a  small  pipette  add  2-3  drops  of  concentrated  sulphuric 
acid  to  the  foam  and  observe  the  dark  pink  coloration  produced. 

5.  Hay's  Test — This  test  is  based  upon  the  principle  that  bile  adds 
have  the  property  of  reducing  the  surface  tension  of  fluids  in  which 
they  are  contained.  The  test  is  performed  as  follows:  Cool  about  10  c.c. 
of  urine  in  a  test-tube  to  17°  C.  or  lower,  and  sprinkle  a  little  finely 
pulverized  sulphur  upon  the  surface  of  the  fluid.  The  presence  of  bile 
adds  is  indicated  if  the  sulphur  sinks  to  the  bottom  of  the  liquid,  the 
rapidity  with  which  the  sulphur  sinks  depending  upon  the  amount  of 
bile  acids  present  in  the  urine.  The  test  is  said  to  react  with  bile  adds 
when  the  latter  are  present  in  the  proportion  r  :  120,000. 
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Some  investigators  claim  that  it  is  impossible  to  differentiate  between 
bile  acids  and  bile  pigments  by  this  test. 


It  was  formerly  very  generally  believed  that  acetone  appeared  in  the 
urine  under  pathological  conditions  because  of  increased  protein  de- 
composition. It  is  now  generally  thought  that,  in  man,  the  output 
of  acetone  arises  principally  from  the  breaking  down  of  fatty  tissues 
or  fatty  foods  within  the  organism.  The  quantity  of  acetone  elimi- 
nated has  been  shown  to  increase  when  the  subject  is  fed  an  abundance 
of  fat-containing  food  as  well  as  during  fasting,  whereas  a  replace- 
ment of  the  fat  with  carbohydrates  is  followed  by  a  marked  decrease 
in  the  acetone  excretion.  Conditions  are  different  with  certain  of  the 
lower  animals.  With  the  dog,  for  instance,  the  output  of  acetone  is 
not  diminished  when  the  animal  is  fed  upon  a  carbohydrate  diet,  is 
decreased  during  fasting,  and  increased  when  the- animal  is  fed  upon 
a  diet  of  meat. 

Acetone  and  the  closely  related  bodies,  /?-oxybutyric  acid  and  dia- 
cetic  acid,  are  generally  classified  as  the  acetone  bodies.  They  are  all 
associated  with  a  deranged  metabolic  function  and  may  appear  in  the 
urine  together  or  separately,  depending  ujion  the  conditions.  Acetone 
and  diacetic  acid  may  occur  alone  in  the  urine  but  j?-oxybutyric  acid 
is  never  found  except  in  conjunction  with  one  or  the  other  of  these  bodies. 
Acetone  and  diacetic  add  arise  chiefly  from  the  oxidation  of  /^-oxybutyric 
add.  The  relation  existing  between  these  three  bodies  is  shown  in  the 
following  reactions: 

{a)  CH3.CH(0H).CHi.C00H+O— CHjCO.CHi.COOH+HiO. 

{b)  CHsCO.CHj.COOH-(CHj),CO-FCO,. 

UinMliQ  «id.  Acetone. 

Acetone,  chemically  considered,  is  a  ketone,  di-methyl  ketone.  When 
pure  it  is  a  liquid  which  possesses  a  characteristic  aromatic  fn^L-like 
odor,  boils  at  56-57°  C.  and  is  misdble  with  water,  alcohol,  or  ether 
in  all  proportions.  Acetone  is  a  physiological  a.s  well  as  a  pathological 
constituent  of  the  urine  and  under  normal  conditions  the  daily  output 
is  about  0,01-o.oj  gram. 

Pathologically,  the  elimination  of  acetone  is  often  greatly  increased 
and  at  such  times  a  condition  of  aceionuria  is  said  to  exist.  This  patho- 
logical acetonuria  may  accompany  diabetes  mellitus,  scarlet  fever,  typhoid 
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fever,  pneumonia,  nephritis,  phosphorus  poisoning,  grave  anienuas, 
fasting,  and  a  deranged  digestive  function;  it  also  frequently  accom- 
panies auto-intoxication  and  cUoroform  and  ether  anesthesia.  The 
types  of  acetonuria  most  frequently  met  with  are  those  noted  in  febrile 
conditions  and  in  advanced  cases  of  diabetes  mellitus. 

Experiments. 

1.  Isolation  from  flie  Urine. — In  order  to  facilitate  the  detection 
of  acetone  in  the  urine,  the  specimen  under  examination  should  be 
distilled  and  the  tests  as  given  below  applied  to  the  resulting  distillate. 
If  it  is  not  convenient  to  distil  the  urine,  the  tests  may  be  conducted 
upon  the  undistilled  fluid.  To  obtain  an  acetone  distillate  proceed 
as  follows:  Place  100-250  c.c.  of  urine  in  a  distillation  flask  or  retort 
and  render  it  add  with  acetic  add.  Collect  about  one-third  of  the  orig- 
inal volume  of  fluid  as  a  distillate,  add  5  drops  of  10  per  cent  hydro- 
chloric add  and  redbtil  about  one-half  of  this  volume.  With  this  final 
distillate  conduct  the  tests  as  given  below. 

2.  Gtinning's  lodofonn  Test — To  about  5  c.c.  of  the  urine  or  dis- 
tillate in  a  test-tube'  add  a  few  drops  of  Lugol's  solution'  or  ordinary 
iodine  solution  (I  in  KI)  and  enough  NH4OH  to  form  a  black  predpi- 
tate  (nitrogen  iodide).  Allow  the  tube  to  stand  (the  length  of  time 
depending  upon  the  content  of  acetone  in  the  Suid  under  examination) 
and  note  the  formation  of  a  yellowish  sediment  consisting  of  iodoform. 
Examine  the  sediment  under  the  microscope  and  compare  the  form 
of  the  crystals  with  those  shown  in  Fig,  7,  p.  47.  If  the  crystals  are 
not  well  formed  recrystallize  them  from  ether  and  examine  again.  The 
crystals  of  iodoform  should  not  be  confounded  with  those  of  stellar  phos- 
phate (Fig.  81,  p.  242)  which  may  be  formed  in  this  test,  particularly 
if  made  upon  the  undistilled  urine.  This  test  is  preferable  to  Lieben's 
test  (4)  since  no  substance  other  than  acetone  will  produce  iodoform 
when  treated  according  to  the  directions  for  this  test;  both  alcohol  and 
aldehyde  yield  iodoform  when  tested  by  Lieben's  test. 

Gunning's  test  is  rather  the  most  satisfactory  test  yet  suggested 
for  the  detection  of  acetone,  and  may  be  used  with  good  results  even 
upon  the  undistilled  urine.  In  some  instances  where  the  amount  of 
acetone  present  is  very  small  it  is  necessary  to  allow  the  tube  to  stand 
24  hours  before  making  the  examination  for  iodoform  crystals.  This 
test  serves  to  detect  acetone  when  present  in  the  ratio  i  :  100,000. 
■Jjlf  3.  Legal's  Test — Introduce  about  5  c.c.  of  the  urine  or  distillate 
[into  a  test-tube,  add  a  few  drops  of  freshly  prepared  aqueous  solution 

6  grams  of  potas- 
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of  sodium  nitroprusside  and  render  the  mixture  alkaline  with  potassium 
hydroxide.  A  ruby  red  color,  due  to  creatinine,  a  normal  urinary 
constituent,  is  produced  (see  Weyl's  test,  p.  296).  Add  an  excess  of 
acetic  acid  and  if  acetone  is  present  the  red  color  will  be  intensified, 
whereas  in  the  absence  of  acetone  a  yellow  color  will  result.  Make 
a  control  test  upon  normal  urine  to  show  that  this  is  so.  A  similar  red 
color  may  be  produced  by  paracresol  in  urines  containing  no  acetone. 

4.  Lieben's  Test^Introduce  5  c.c.  of  the  urine  or  distillate  into 
a  test-tube,  render  it  alkaline  with  potassium  hydroxide  and  add  1-2 
c.c.  of  iodine  solution  drop  by  drop.  If  acetone  is  present  a  yellowish 
precipitate  of  iodoform  will  be  produced.  Identify  the  iodoform  by 
means  of  its  characteristic  odor  and  its  typical  crj-stalline  form  (see 
Fig.  7,  p.  47).  While  fully  as  delicate  as  Gunning's  test  (2)  this  test 
is  not  as  accurate  since  by  means  of  the  procedure  involved,  either  alcohol 
or  aldehyde  will  yield  a  precipitate  of  iodoform.  This  test  is  especially 
liable  to  lead  to  erroneous  deductions  when  urines  from  the  advanced 
stages  of  diabetes  are  under  examination,  because  of  the  presence  of 
alcohol  formed  from  the  sugar  through  fermentative  processes.' 
^m^.  Reynolds -Gtuming  Test — This  test  depends  upon  the  solu- 
bility of  mercuric  oxide  in  acetone  and  is  performed  as  follows:  To 
5  c,c.  of  the  urine  or  distillate  add  a  few  drops  of  mercuric  chloride, 
render  the  solution  alkaline  with  potassium  hydroxide  and  add  an  equal 
volimie  of  95  per  cent  alcohol.  Shake  thoroughly  in  order  to  bring  the 
major  portion  of  the  mercuric  oxide  into  solution  and  fdter.  Render  the 
clear  filtrate  faintly  acid  with  hydrochloric  acid  and  stratify  some  am- 
monium sulphide,  (NH<)jS,  upon  this  acid  solution.  At  the  zone  of 
contact  a  blackish-gray  ring  of  precipitated  mercuric  sulphide.  HgS, 
will  form.  Aldehyde  also  responds  to  this  test.  Aldehyde,  however, 
has  never  been  detected  in  the  urine  and  could  only  be  present  in 
this  instance  if  the  acidified  urine  was  distilled  too  far. 

6.  Taylor's  Test — To  10  c.c.  of  the  urine  or  distillate  in  a  test-tube 
add  a  few  drops  of  a  freshly  prepared  aqueous  solution  of  sodium  nitro- 
prusside and  stratify  concentrated  ammonium  hydroxide  upon  the  mix- 
ture. The  production  of  a  magenta  color  at  the  point  of  contact  indicates 
the  presence  of  acetone  in  the  urine  or  distillate  under  examination. 
Normal  urine  yields  an  orange-red  color  when  subjected  to  this  technic. 

Rotfaera's  Reaction.' — To  5-10  c.c.  of  urine  or  distillate  in  a  test- 
tube  add  a  little  solid  ammonium  sulphate,  2-3  drops  of  a  freshly  pre- 

'  Welkcr  reports  the  production  of  u  pink  or  red  color  during  the  application  of  this  test 
to  the  distillates  from  pathologic&l  urines  which  had  been  preserved  with  powdered  thymol. 
He  found  the  color  tu  be  due  to  an  iodothymol  compound  which  had  been  previously  pre- 
pued  synthetically  by  Mcssinger  and  Vortmann. 

•  Rothera;  Jour.  Physiol.,  37,  491,  1908, 
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pared  5  per  cent  solution  of  sodium  nitroprusside  and  t-3  c.c.  of  cod- 
centrated  ammonium  hydroxide.  The  development  of  a  permanganate 
color  indicates  the  presence  of  acetone. 

CH, 

I 
DUCETIC   ACm,  C  =  0 

I 

CHi-COOH. 

Diacetic  or  acetoacetic  add  occurs  in  the  urine  only  under  path- 
ological conditions  and  is  rarely  found  except  associated  with  acetone. 
It  is  formed  from  ;?-oxybutyric  add,  another  of  the  acetone  bodies,  and 
upon  decomposition  yields  acetone  and  carbon  dioxide.  Diaceturia 
occurs  ordinarily  under  the  same  conditions  as  the  pathological  ace- 
tonuria,  t.  e.,  in  fevers,  diabetes,  etc.  (see  p.  345).  If  very  UtUe  diacetic 
add  is  formed  it  may  be  transformed  into  acetone,  whereas  if  a  larger 
quantity  is  produced  both  acetone  and  diacetic  add  may  be  present  in  the 
urine.  Diaceturia  is  most  frequenUy  observed  in  children,  especially 
accompanying  fevers  and  digestive  disorders;  it  is  perhaps  less  fre- 
quently observed  in  adults,  but  when  present,  particularly  in  fevers  and 
diabetes,  it  is  frequently  followed  by  fatal  coma. 

Diacetic  acid  is  a  colorless  liquid  which  is  misdble  with  water,  alcohol, 
and  ether,  in  all  proportions.  It  differs  from  acetone  in  giving  a  violet- 
red  or  Bordeaux-red  color  with  a  dilute  solution  of  ferric  chloride. 

EXFERIUENTS. 

I.  Geihardfs  Test — To  5  c.c.  of  urine  in  a  test-tube  add  ferric 
chloride  solution,  drop  by  drop,  until  no  more  predpitatc  forms.  In 
the  presence  of  diacetic  add  a  Bordeaux-red  color  is  produced;  this 
color  may  be  somewhat  masked  by  the  predpitate  of  ferric  phosphate, 
in  which  case  the  fluid  should  be  filtered. 

A  positive  result  from  the  above  manipulation  ^mply  indicates  the 
possible  presence  of  diacetic  add.  Before  making  a  final  dedsion  re- 
garding the  presence  of  this  body  make  the  two  following  control  experi- 
ments; 

(a)  Place  5  c.c.  of  urine  in  a  test-tube  and  boil  it  vigorously  for 
3-5  minutes.  Cool  the  tube  and,  with  the  boiled  urine,  make  the  test 
as  given  above.  As  has  been  already  stated,  diacetic  add  yields  acetone 
upon  decomposition  and  acetone  does  not  give  a  Bordeaux-red  color 
with  ferric  chloride.  By  boiling  as  indicated  above,  therefore,  any 
diacetic  add  present  would  be  decomposed  into  acetone  and  carbon 
dioxide  and  the  test  upon  the  resulting  fluid  would  be  negative.  If 
positive  the  color  is  due  to  the  presence  of  bodies  other  than  diacetic  add. 
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(b)  Place  5  c.c,  of  urine  in  a  test-tube,  acidify  with  HbSO*,  to  free 
diacetic  add  from  its  salts,  and  carefully  extract  the  mixture  with  ether 
by  shaking.  If  diacetic  acid  is  present  it  will  be  extracted  by  the  ether. 
Now  remove  the  ethereal  solution,  evaporate  it  to  dryness,  dissolve  the 
residue  in  i~2  c.c.  of  water  and  add  3-5  drops  of  3  per  cent  ferric  chloride. 
Diacetic  acid  is  indicated  by  the  production  of  the  characteristic  Bor- 
deaux-red color.  This  color  disappears  spontaneously  in  24-48  hours. 
Such  substances  as  antipyrin,  kairin,  phenacetin,  saUcylic  acid,  sahcy- 
lates,  sodium  acetate,  thiocyanates.  and  thallin  yield  a  similar  red  color 
under  these  conditions,  but  when  due  to  the  presence  of  any  of  these  sub- 
lances  the  color  does  not  disappear  spontaneously  but  may  remain  per- 
manent for  days.  Many  of  these  disturbing  substances  are  soluble  in 
benzene  or  chloroform  and  may  be  removed  from  the  urine  by  this  means 
before  extracting  with  ether  as  above.  Diacetic  add  is  insoluble  in  ben- 
zene or  chloroform. 

2.  Amold-Ltpliawsky  Reaction. — This  reaction  is  somewhat  more 
delicate  than  Gerhardt's  test  (i)  and  serves  to  detect  diacetic  acid  when 
present  in  the  proportion  of  i  :  25,000.  It  is  also  negative  toward  acetone, 
yS-oxybutyric  acid  and  the  interfering  drugs  mentioned  as  causing  errone- 
ous deductions  in  the  application  of  Gerhardt's  test.  If  the  urine  under 
examination  is  highly  pigmented  it  should  be  partly  decolorized  by  means 
of  animal  charcoal  before  applying  the  test  as  indicated  below. 

Place  5  c.c.  of  the  urine  under  examination  and  an  equal  volume 
of  the  Arnold-Lipliawsky  reagent'  in  a  test-tube,  add  a  few  drops  of  con- 
centrated ammonia  and  shake  the  tube  vigorously.  Note  the  production 
of  a  brick-red  color.  Take  1-2  c.c.  of  this  colored  solution,  add  10-20 
c,c.  of  hydrochloric  add  (sp.  gr.  1.19),  3  c.c.  of  chloroform,  and  2-4 
drops  of  ferric  chloride  solution  and  carefully  mix  the  fluids.  Diacetic 
acid  is  indicated  by  the  chloroform  assuming  a  violet  or  blue  color;  if 
diacetic  acid  is  absent  the  color  may  be  yellow  or  light  red. 


;)-OXYBDTYHIC  ACID,   H 


H     OHH 
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C-C-C-COOH. 
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This  acid  does  not  occur  as  a  normal  constituent  of  urine  but  is  found 
only  under  pathological  conditions  and  then  always  in  conjunction  with 

'  This  reagent  consists  of  two  deftnile  dilutions  which  are  ordinarily  preserved  separate!)' 
and  mixed  just  before  using.     The  two  solutians  are  prepared  as  follows: 

{a)  One  per  cent  oqueoua  solution  of  potassium  nitrite. 

ib)  One  gram  of  ^anuno-acetophcnoo  dissolved  in  lOO  c.c.  of  distilled  water  and  enough 
hydrochloric  acid  (about  1  c.c.)  added,  drop  by  drop^  to  cause  the  solution,  which  is  at  first 
yellow,  to  became  entirely  colorless.     An  excess  of  aad  must  be  avoiUc<l, 

Before  using,  a  and  b  are  mixed  in  the  ratio  i  :  1. 


^stber  icevio^  or  dnccdc  aod.  Ehfaer  or  these  boiies  ouit  be  nxnud 
from  i^.xyinzyric  add  under  propcf  omefitions.  It  b  ptesoit  in  espe- 
daHy  ar^  amcont  in  sever:  caas  oc  diabeiies  ami  hii=  aLw  beat  detected 
in  f^i^ativ^.  -iianirfaances.  ccxittinKii  fevci^.  scurvy,  meaaitg-.  and  in 
itAma-jti.  It  h  pmbablt  that,  is  man.  .3-(sybatyric  ndfi.  in  comnKn 
vftb  ar^tC'Oe  and  diacetic  acid,  aii^es  principaily  tium  the  bmtkin^dOTm 
rrf  iatr/  mioes  within  the  ocgaiii=rn.  The  cooditKfc  in  whkfa  large 
aincnaVi  M  acetone  and  diacetic  add.  and  in  =ev«re  cties  .J-oxvbutyric 
add  al-vi  art  excreted  in  the  mine  b  knovn  as  "aLiios;."  In  t&abetes 
the  'ier^n^cd  metabolic  condf  tiotL:  C3n»  the  prodmctioa  ot  great  quantities 
ot  the^  vxi^.iatOfjGi  whidi  lead  D>  an  acid  inttmcadoD  and  ultimateh-  to 
i^iatiKtix:  or,nia. 

''ordinarily  i-'*i>-but>Tic  acid  is  an  odoriess.  cranspomit  5>"nip.  which 
LH  Ssf^-fiT'it^u.r-j  and  casiN-  ioluble  in  water.  alcohoL  and  ecfaer:  it  may  be 
fi-iViMtii  lii.  i',iy%ta]line  form. 

EXFEKOEEXTS. 

t.  Hack's  Keaclioo. — Ina^mwdi  as  the  iirinar>-  pigments  as  well  as 
any  'j-^-ifaJned  lU]^  or  diacetic  add  will  intert^e  with  the  deiicatj-  of  this 
tf^t,  it^itm  applied  to  the  urine  directh-  the  following  preliniinar\-  [KtKedute 
»  ne«**iiry:  Oincentrate  lo  c.c.  of  the  urine  under  examination  to  one- 
third  ''iT  cif^-frrfirth  of  its  original  N'titume  in  an  e\~apurating  dish  at  a 
imtU  hMt  Acidify  the  residue  with  a  few  drops  of  concentrated  hydro- 
fUtU^U  kt'w\  hfUi  sufficient  plaster  <^  Paris  to  make  a  thick  paste  and  allow 
fit*  miifur*;  to  sratKl  until  it  b^ins  to  "set."  It  should  now  be  stirred 
*ftd  f/f'-k^n  up  in  the  dish  b>- means  of  a  stirring  rod  with  a  blunt  end. 
t^tfiut  fh/[  [(f/T'rtH  meal  thus  produced  twice  with  ether  by  stirring  and 
A^/iuit:Htie<n.  Any  ,'-oit>but>-ric  add  present  will  be  extracted  by  the 
*fVr.  Kva(y>rate  the  ether  extract  ^wntaneously  or  on  a  water-bath. 
'lfM''lvA  thf.  tr%if\Mt  in  water,  and  neutralize  it  with  barium  carbonate. 
'ttr  ^  u,  ifjf  r.  t,i  this  neutral  fluid  in  a  test-tube  add  two  to  three  drops  of 
'frtiitmry  t '(mmerua}  add  hydrogen  peawdde.  MLx  by  shaking  and  add  a 
trm  'lr'.i«  of  ftlark's  reagent.'  Permit  the  tub*.-  to  stand  and  note  the 
t(fsuUi!i\  'Wfl'ijtment  of  a  rose  color  which  increases  to  its  maximum 
int*T»sify  an'l  thtn  j;radually  fades.- 

In  tarrying  out  the  test  care  should  be  taken  to  see  that  the  solution  is 

cold  an'l  npprnximaUly  neutral  and  that  a  frfrgc  excess  of  hydrogen  peroxide 

and  If  l;i(  k',«  rcaijont  are  not  added.     In  case  but  little  .?-o.\\but;  ric  add  is 

pnwrnt  the  toli>r  will  fail  to  appear  or  will  be  but  transitory-  if  the  oxidi^ng 

'  Ma'li-  l.y  'li.*?')lvinK  5  gram^  ot  fcrrii:  chloride  anil  0.4  gram  of  ferrous  chloritk  in  100 

*  Thi«  disappearance  ni  color  is  due  to  the  further  oiidaticn  of  the  diacetic  acid. 
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agents  arL-  added  in  loo  great  excess.  It  is  preferable  to  add  a  few  drops  of 
the  reagent  and  at  intervals  of  a  few  minutes  repeat  the  process  until  the 
color  undergoes  no  further  increase  in  intensity.  One  part  of  /?-oxybu- 
tyric  acid  in  10,000  parts  of  the  solution  may  be  detected  by  this  test. 

2.  Polariscopic  Examination.— Subject  some  of  the  urine  (free 
from  protein)  to  the  ordinary  fermentation  test  (seepage  331).  This  will 
remove  dextrose  and  livulose,  which  would  interfere  with  the  polariscopic 
test.  Now  examine  the  fermented  fluid  in  the  polariscope  and  if  it  is 
lievorotatory  the  presence  of  ,3-oxybutyric  acid  is  indicated.  This  test 
is  not  absolutely  reliable,  however,  since  conjugate  giycuronates  are  also 
lacvorotatory  after  fermentation. 

3,  Kulz's  Test.— Evaporate  the  urine,  after  fermenting  it  as  indicated 
in  the  last  test,  to  a  syrup,  add  an  equal  volume  of  concentrated  sulphuric 
acid,  and  distil  the  mixture  directly  without  cooling.  Under  these  con- 
ditions tt-crotonic  acid  is  formed  and  is  present  in  the  distillate.  Allow 
the  distillate  to  cool  slowly  and  note  the  formation  of  crystals  of  «-crotonic 
acid  which  are  soluble  in  ether  and  melt  at  72°  C.  In  case  very  slight 
traces  of  /?-oxybutyric  acid  be  present  in  the  urine  under  examination  the 
amount  of  a-crotonic  acid  formed  may  be  too  small  to  yield  a  crystalline 
product.  In  this  event  the  distillate  should  be  extracted  with  ether,  the 
ethereal  extract  evaporated,  and  the  residue  washed  with  water.  Under 
these  conditions  the  impurities  will  be  removed  and  the  a-crotonic  acid 
will  remain  behind  as  a  residue.  The  melting-point  of  this  residue  may 
then  be  determined. 

CONJUGATE  GLYCURONATES. 

Glycuronic  acid  does  not  occur  free  in  the  urine,  but  Is  found,  for  the 
most  part,  in  combination  with  phenol.  Much  smaller  quantities  are 
excreted  in  combination  with  indoxyl  and  skatoxyl.  The  total  content  of 
conjugate  giycuronates  seldom  exceeds  0.004  P^f"  cent  under  normal 
conditions.  The  output  may  be  very  greatly  increased  as  the  result  of  the 
administration  of  antipyrin,  borneol,  camphor,  chloral,  menthol,  mor- 
phine, naphthol,  turpentine,  etc.  The  giycuronates  as  a  group  are  Isvoro- 
tatory  whereas  glycuronic  acid  is  dextro-rotatory.  Most  of  the  giy- 
curonates reduce  alkaline  metallic  oxides  and  so  introduce  an  error  in  the 
examination  of  urine  for  sugar.  Conjugate  giycuronates  often  occur 
associated  with  dextrose  in  glycosuria,  diabetes  mellitus,  and  in  some  other 
disorders.     As  a  class  the  giycuronates  are  non-fermentable. 

Experiments. 

1.  Fennentation-Reduction  Test, — Test  the  urine  by  Fehling's 
test.     If  there  is  reduction  try  Barfoed's  test.     If  negative  this  indicates 
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the  absence  of  monosaccharides.  A  negative  fermentatioo  test  would 
now  indicate  the  presence  of  conjugate  glycuronates  (or  lactose  in  rare 
cases).' 

If  dextrose  is  present  in  the  urine  tested  for  glycuronates  the  urine 
must  first  be  subjected  to  a  polariscopic  examination,  then  fermented 
and  a  second  polariscopic  examination  made.  The  sugar  being  dextro- 
rotatory and  fermentable  and  the  glycuronates  being  leevorotatory  and 
non-fermentable  the  second  polariscopic  test  will  show  a  Iievorotation  in- 
dicative of  conjugate  glycuronates. 

2.  Tollens'  Reaction. — Make  this  test  according  to  directions  given 
under  Pentoses,  p.  353. 

PEinOSES. 

We  have  two  distinct  types  of  pentosuria,  i.  e.,  aHmeniary  pentosuria, 
resulting  from  the  ingestion  of  large  quantities  of  pentose-rich  vegetables 
such  as  prunes,  cherries,  grapes,  or  plums,  and  fruit  juices,  in  which 
condition  the  pentoses  appear  only  temporarily  in  the  urine;  and  the 
chronic  form  of  pentosuria,  in  which  the  output  of  pentoses  bears  no  re- 
lation whatever  to  the  quantity  and  nature  of  the  pentose  content  of  the 
food  eaten.  In  occurring  in  these  two  forms,  pentosuria  resembles 
glycosuria  (see  page  324),  but  it  is  definitely  known  that  pentosuria  bears 
no  relation  to  diabetes  mellitus  and  there  is  no  generally  accepted  theory 
to  account  for  the  occurrence  of  the  chrome  form  of  pentosuria.  The 
pentose  detected  most  frequently  in  the  urine  is  arabinose,  the  inactive 
form  generally  occurring  in  chronic  pentosuria  and  the  Iievorotatory 
variety  occurring  in  the  alimentary  type  of  the  disorder. 

Experiments. 

I.  Bial's  Reaction.^ — To  5  c.c.  of  Bial's  reagent'  in  a  test-tube  add 
2-3  c.c.  of  urine  and  heat  the  mixture  gently  until  the  first  bubbles  rise  to 
the  surface.*  Immediately  or  upon  cooling  the  solution  becomes  green 
and  a  fiocculent  precipitate  of  the  same  color  may  form. 

This  test  is  believed  to  be  more  accurate  than  the  ordnol  test.  It  is 
claimed  that  urines  containing  menthol,  kreosotal,  etc.,  respond  to  the 
orcinol  reaction,  but  not  to  Bial's. 

*  IF  necessary  to  differentiate  between  lactose  and  glycuronates  apply  the  mucic  add 

test  (sec  p.  ,134)  or  the  i)heny  I  hydrazine  reaction  (see  p.  28). 

*  Bial:  Dcul,  mtd.  Wock.,  aS,  151,  i^Oi. 

'  Orciniil 1,5  gram. 

Fuminf!  HCI joo  grams. 

Ferric  chloride  {10  per  cent) , 20-30  drops. 

'  The  test  may  also  be  performed  by  adding  the  urine  to  the  hot  reagent.  No  further 
heating  should  be  necessary  if  pentose  is  present. 


DigitizGd  by  Lj OOQ IC 


353 

a.  ToUens'  Reaction. — To  equal  volumes  of  urine  and  hydrochloric 
add  (sp.  gr.  1.09)  add  a  little  phloroglucinol  and  heat  the  mixture  on 
a  boiling  water-bath.  Pentose,  galactose,  or  glycuronic  acid  will  be 
indicated  by  the  appearance  of  a  red  color.  To  differentiate  between 
these  bodies  examine  by  the  spectroscope  and  look  for  the  absorption 
band  between  D  and  E  given  by  pentoses  and  glycuronic  acid,  and  then 
differentiate  between  the  two  latter  bodies  by  the  melting-points  of  their 
osazones. 

3.  Orcinol  Test.- -Place  equal  volumes  of  urine  and  hydrochloric 
acid  (sp.  gr.  1.09)  in  a  test-tube,  add  a  small  amount  of  orcinol.  and 
heat  the  mixture  to  boiling.  Color  changes  from  red  through  reddish- 
blue  to  green  will  be  noted.  When  the  solution  becomes  green  it  should 
be  shaken  in  a  separatory  funnel  with  a  little  amyl  alcohol,  and  the  alco- 
holic extract  examined  spectroscopically.  An  absorption  band  between 
C  and  D  will  be  observed. 

FAT. 

When  fat  finds  its  way  into  the  urine  through  a  lesion  which  brings 
some  portion  of  the  urinary  passages  into  communication  with  the  IjTn- 
phatic  system  a  condition  known  as  ckyluria  is  established.  The  turbid 
or  milky  appearance  of  such  urine  is  due  to  its  content  of  chyle.  This 
disease  is  encountered  most  frequently  in  tropical  countries,  but  is  not 
entirely  unknown  in  more  temperate  climates.  Albumin  is  a  constant 
constituent  of  the  urine  in  chyluria.  Upon  shaking  a  chylous  urine 
with  ether  the  fat  is  dissolved  by  the  ether  and  the  urine  becomes  clearer 
or  entirely  clear. 

HiEMATOPOHPHYRIN. 

Urine  containing  this  body  is  occasionally  met  with  in  various  diseases, 
but  more  frequently  after  the  use  of  quinine,  tctronaJ,  trional,  and  espe- 
cially sulphonal.  Such  urines  ordinarily  possess  a  reddish  tint,  the  depth 
of  color  varying  greatly  under  different  conditions. 

Experiments. 


1.  Spectroscopic  Examination.— To  100  c.c.  of  urine  add  about 
20  c.c.  of  a  10  per  cent  solution  of  potassium  hydroxide  or  ammonium 
hydroxide.  The  precipitate  which  forms  consists  principally  of  earthy 
j^osphates  to  which  the  htematoporphyrin  adheres  and  is  carried  down. 
Filter  off  the  precipitate,  wash  it  and  transfer  to  a  flask  and  warm  with 
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alcohol  acidified  with  hydrochloric  add.  By  this  process  the  himatt^r- 
phyrin  is  dissolved  and  on  filtering  will  be  found  in  the  filtrate  and  may  be 
identified  by  means  of  the  spectroscope  (see  page  219,  and  Absorption 
Spectra,  Plate  II). 

2.  Acetic  Add  Test — To  100  c.c.  of  urine  add  5  c.c.  of  glacial  acetic 
acid  and  allow  the  mixture  to  stand  48  hours.  Hxmatoporphyrin 
deposits  in  the  form  of  a  precipitate. 

LACTOSE. 

Lactose  is  rarely  found  in  the  urine  except  as  it  is  excreted  by  women 
during  pregnancy,  during  the  nursing  period,  or  soon  after  weaning. 
It  is  rather  difficult  to  show  the  presence  of  lactose  in  the  urine  in  a  satis- 
factory manner,  since  the  formation  of  the  characteristic  lactosazone  is 
not  attended  with  any  great  measure  of  success  under  these  conditions. 
It  is,  however,  comparatively  easy  to  show  that  it  is  not  dextrose,  for, 
while  it  responds  to  reduction  tests,  it  does  not  ferment  with  pure  yeast 
and  does  not  give  a  dextrosazone.  An  absolutely  conclusively  test,  of 
course,  is  the  isolation  of  the  lactose  in  crystalline  form  (Fig.  80,  p.  238) 
from  the  urine. 

On  oxidation  with  nitric  acid  lactose  and  galactose  yield  mucic  acid. 
This  test  is  frequently  used  in  urine  examination  to  differentiate  lactose 
and  galactose  from  other  reducing  sugars. 

ElXPERIMENTS. 

1.  Mucic  Acid  Test—Treat  100  c.c.  of  the  urine  under  examination 
with  20  c.c'  of  concentrated  nitric  acid  and  evaporate  the  mixture  in  a 
broad,  shallow  glass  vessel,  ujwn  a  boiling  water-bath  until  the  volume 
of  the  solution  is  only  about  20  c.c.  At  this  point  the  fluid  should  be 
clear  and  a  fine  white  precipitate  of  mucic  acid  should  separate.  If  the 
percentage  of  lactose  in  the  urine  is  low  it  may  be  necessary  to  cool  the 
solution  and  permit  it  to  stand  for  some  time  before  the  precipitate  will 
form.  It  is  impossible  to  differentiate  between  galactose  and  lactose  by 
means  of  this  test,  but  the  reaction  does  serve  to  differentiate  these  two 
sugars  from  all  other  reducing  sugars.  A  satisfactory  differentiation 
between  lactose  and  galactose  may  be  made  by  means  of  Barfoed's 
test,  p.  331. 

2.  Rubner's  Test — To  ic  c.c.  of  urine  in  a  small  beaker  add  some 
lead  acetate,  in  substance,  heat  to  boiling,  and  add  NH4OH  until  no 

_ '  If  the  spccilk  gravEty  of  the  urine  is  loio  or  over  it  is  ncccssar>'  to  use  25-35  e.c.  of  nitiic 
add.  Under  these  conditions  the  mixture  should  be  evaporated  uniil  the  remaining  volume 
is  ^proximately  equivalent  to  that  of  the  nitric  add  added. 


DigitizGd  by  Lj OOQ IC 


URINE  355 

more  precipitate  is  dissolved.  In  the  presence  of  lactose  a  brick-red  or 
rose-red  color  develops,  whereas  dextrose  gives  a  coffee-brown  color, 
maltose  a  light  yellow  color,  and  lasvulose  no  color  at  all  under  the  same 
conditions. 

3.  Compound  Test. — Try  the  phenylhydrazine  test,  the  fermentation 
test,  and  Barfoed's  test  according  to  directions  given  under  Dextrose, 
pages  324,  and  331,  If  these  are  negative,  try  Nylander's  test,  page 
330.     If  this  last  test  is  positive,  the  presence  of  lactose  is  indicated. 

GALACTOSE. 

Galactose  has  occasionally  been  detected  in  the  urine,  and  in  particular 
in  that  of  nursing  infants  afflicted  with  a  deranged  digestive  function. 
Lactose  and  galactose  may  be  differentiated  from  other  reducing  sugars 
which  may  be  present  in  the  urine  by  means  of  the  mucic  acid  test.  This 
test  simply  consists  in  the  production  of  mucic  acid  through  oxidation  of 
the  sugar  with  nitric  acid. 

Experiments. 

1 .  Mucic  Acid  Test. — Treat  100  c.c.  of  the  urine  under  examination 
with  20  c.c'  of  concentrated  nitric  acid  and  evaporate  the  mixture  in  a 
broad,  shallow  glass  vessel,  upwn  a  boiling  water-bath,  until  the  volume  of 
the  solution  is  only  about  20  c.c.  At  this  point  the  fluid  should  be  clear 
and  a  fine,  white  precipitate  of  mucic  acid  should  separate.  If  the  per- 
centage of  galactose  present  in  the  urine  is  low  it  may  be  necessary  to  cool 
the  solution  and  permit  it  to  stand  for  some  time  before  the  precipitate 
will  form.  It  is  impossible  to  differentiate  between  galactose  and  lactose 
by  means  of  this  test,  but  the  reaction  does  serve  to  differentiate  these  two 
sugars  from  all  other  reducing  sugars.  A  satisfactory  differentiation 
between  galactose  and  lactose  may  be  made  by  Barfoed's  test,  p.  331. 

2.  Tollens'  Reaction. — To  equal  volumes  of  the  urine  and  hydro- 
chloric acid  {sp.  gr.  1.09)  add  a  little  phloroglucinol  and  heat  the  mbtture 
on  a  boiling  water-bath.  Galactose,  pentose,  and  glycuronic  acid  will  be 
indicated  by  the  appearance  of  a  red  color.  Galactose  may  be  differen- 
tiated from  the  two  latter  substances  in  that  its  solutions  exhibit  no  absorp- 
tion bands  upon  spectroscopical  examination. 

L.SVULOSE. 

Diabetic  urine  frequently  possesses  the  power  of  rotating  the  plane  of 
polarized  light  to  the  left,  thus  indicating  the  presence  of  a  lasvorotatory 

'  If  till-  spfuific  B'^^'il-y  "f  t-he  urine  is  loio  or  over  it  is  necessary  lo  use  15-35  c.c.  of 
nitric  aii<i.  Under  these  conditions  the  mixture  should  be  evaporated  until  the  remaining 
volume  Ih  appro ximattly  equivalent  to  that  of  the  nitric  acid  added. 
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!<ul^tance.  The  IxA-orotation  U  sometimes  due  to  the  presence  of  br\-u- 
Ujnt.  althiM^  not  necessarily  confined  to  this  carbohydrate,  ance  conju- 
gate ^ycurtHiates  and  ,^-ox\-but\Tic  acid,  two  other  IxvorotatCMy  bodies, 
are  frequently  found  in  the  urine  of  diabetics.  L:e\~u]ose  is  in\'ariably 
accompanied  by  dextrose  in  diabetic  urine,  but  laruhsitria  has  been 
ol.K9er\'ed  as  a  separate  anomaly.  The  presence  of  be^iilose  may  be 
inferred  when  the  percentage  of  sugar,  as  determined  by  the  titration 
methrjd.  is  greater  than  the  percentage  indicated  by  the  polarisct^nc 
examination. 

EXPERQIEXTS. 

1.  Bofchaidfs  ReactJoiu^To  about  5  c.c.  of  urine  in  a  test-tube 
add  an  equal  volume  of  25  per  cent  hydrochloric  acid  and  a  few  ci^-stals 
of  rcsorcinol-  Heal  to  bcMling  and  after  the  production  of  a  red  color,  cool 
the  tul>e  under  running  water  and  transfer  to  an  e\'aporating  dish  or 
beaker.  Make  the  mixture  slightly  alkaline  with  solid  potasaum  hy- 
droxide, return  it  to  a  test-tube,  add  2-3  c.c.  of  acetic  ether,  and  shake  the 
tube  vigorously.  In  the  presence  of  Ixvulose  the  acetic  ether  is  colored 
yeliou: 

The  only  urinary  constituents  which  interfere  with  the  test  are  nitrites 
and  indican  and  these  interfere  only  when  they  are  simultaneously  present. 
Under  these  conditions,  the  urine  should  be  acidified  with  acetic  acid  and 
heated  to  boiling  for  one  minute  to  remove  the  nitrites.  In  case  the 
indican  content  is  very  large,  it  will  impart  a  blue  color  lo  the  acetic  ether, 
thus  masking  the  yellow  color  due  to  I^evulose.  When  such  urines  are  to 
be  examined,  the  indican  should  first  be  removed  by  Obennayer's  test 
(see  p.  299).  The  chloroform  should  then  be  discarded,  the  acid-urine 
mixture  diluted  with  one-third  its  volume  of  water,  and  the  test  applied 
as  described  above.  The  urine  of  patients  who  have  ingested  santonin 
or  rhubarb  respond  to  the  test.  The  test  will  serve  to  detect  Ifevulose 
when  present  in  a  dilution  of  1  :  2000,  t.  e..  0.05  per  cent. 

2.  Seliwanc^s  Reaction.— To  5  c.c.  of  Seliwanoff's  reagent'  in  a 
test-tube  add  a  few  drops  of  the  urine  under  examination  and  heat  the 
mixture  to  boiling.  The  presence  of  Iievulose  is  indicated  by  the  produc- 
tion of  a  red  color  and  the  separation  of  a  red  precipitate.  The  latter  may 
be  dissolved  in  alcohol  to  which  it  will  impart  a  striking  red  color. 

If  the  boiling  be  prolonged  a  similar  reaction  may  be  obtained  with 

urines  containing  dextrose.     This  has  been  explained^  in  the  case  of 

dextrose  as  due  to  the  transformation  of  the  dextrose  into  lievulose  by  the 

catalytic  action  of  the  hydrochloric  acid.     The  precautions  necessary  for 

'  Scliwiinotl's  rcaRcnl  may  bt  prepared  by  dissolving  0.05  Kram  of  resorcinol  in  loo.c.c. 
of  diluted;!)  hyrlriKhhricadd. 

•  KucniKsMd:  Hiock.  Zcil.  38,  311.   igii. 
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a  positive  test  for  Ifevulose  are  as  follows:  The  concenlration  of  the 
hydrochloric  acid  must  not  be  more  than  12  per  cent.  The  reaction  (red 
color)  and  the  precipitate  must  be  observed  after  not  more  than  20-30 
seconds  of  boiling.  Dextrose  must  not  be  present  in  amounts  exceeding 
2  per  cent.  The  precipitate  must  be  soluble  in  alcohol  with  a  bright  red 
color. 

3,  Phenylhydrazine  Test. — Make  the  test  according  to  directions 
under  Dextrose,  3   piige  324. 

4.  Polahscopic  Examination.— A  simple  polariscopic  examination, 
when  taken  in  connection  with  other  ordinary  tests,  will  furnish  the 
requisite  data  regarding  the  presence  of  Isvulose,  provided  l^vulose  is  not 
accompanied  by  other  la^vorotatory  substances,  such  as  conjugate  gly- 
curonatcs  and  j3-oxybutyric  acid. 

CHOH 

HOHC       CHOH 

mosiTE, 

HOHC       CHOH 


CHOH 
Inosite  occasionally  occurs  in  the  urine  in  albuminuria,  diabetes 
melhtus,  and  diabetes  insipidus.  It  is  claimed  also  that  copious  water- 
drinking  causes  this  substance  to  appear  in  the  urine.  Inosite  was  at  one 
time  considered  to  be  a  sugar  but  is  now  known  to  be  hexahydroxybenzene, 
as  the  above  formula  indicates.  It  is  an  example  of  a  non-carbohydrate 
in  whose  molecule  the  H  and  O  are  present  in  the  proportion  to  form 
water.  In  other  words  it  has  the  formula  of  the  hexoses,  i.  e..  CeHnOs. 
Inosite  occurs  widely  distributed  in  the  vegetable  kingdom,  and  because 
of  this  fact  the  theory  has  been  voiced  that  it  represents  one  of  the  first 
stages  in  the  conversion  of  a  carbohydrate  into  the  benzene  ring.  It  is 
found  in  the  liver,  spleen,  lungs,  brain,  kidneys,  suprarenal  capsules, 
muscles,  leucocytes,  testes,  and  urine  under  normal  conditions. 

Experiment. 

I.  Detection  of  Inosite. — Acidify  the  urine  with  concentrated  nitric 
acid  and  evaporate  nearly  to  dryness.  Add  a  few  drops  of  ammonium 
hydroxide  and  a  little  calcium  chloride  solution  to  the  moist  residue  and 
evaporate  the  mixture  todryness.  In  the  presence  of  inosite  (0.001  gram) 
a  bright  red  color  is  obtained. 

For  a  more  satisfactory  test,  which  is  also  more  time-consuming,  see 
Salkowski's'  modification  of  Scherer's  test. 

'Salkowski;  Zeil.  pkysiot.  ehrm.,  6t).  478,  1  gio. 
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LAIOSE. 

This  substance  is  occasionally  found  in  the  urine  in  severe  cases  of 
diatietes  mellitus.  By  some  investigators  laiose  is  classed  with  the  sugars. 
It  resembles  Ixvulose  in  that  it  has  the  property  of  reducing  certain  metal- 
Ucoxi<lesandisl£evorotatoTy,  but  differs  from  Isvulose  in  being  amorphous, 
non-fermentable,  and  in  not  possessing  a  sweet  taste. 

MELANINS. 

These  pigments  never  occur  normally  in  the  urine,  but  are  present 
under  certain  pathological  conditions,  their  presence  being  especially 
associated  with  melanotic  tumors.  Ordinarily  the  freshly  passed  urine  is 
clear,  but  upon  exposure  to  the  air  the  color  deepens  and  may  at  last  be 
very  dark  brown  or  black  in  color.  The  pigment  is  probably  present  in 
the  form  of  a  chromogen  or  melanogen  and  upon  coming  in  contact  with 
the  air  oxidation  occurs,  causing  the  transformation  of  the  melanogen 
into  melanin  and  consequently  the  darketung  of  the  urine. 

It  is  claimed  that  melanuria  is  proof  of  the  formation  of  a  visceral 
melanotic  growth.  In  many  instances,  without  doubt,  urines  rich  in 
indican  have  been  wrongly  taken  as  diagnostic  proof  of  melanuria.  The 
pigment  melanin  is  sometimes  mistaken  for  indigo  and  melanogen  for 
indican.  It  is  comparatively  easy  to  differentiate  between  indigo  and 
melanin  through  the  solubiUty  of  the  former  in  chloroform. 

In  rare  cases  melanin  is  found  in  urinary  sediment  in  the  form  of  fine 
amorphous  granules. 

Experiments. 

1,  Teller's  Test. — To  5c  c.c.  of  urine  in  a  small  beaker  add  an  equal 
volume  of  bromine  water.  In  the  presence  of  melanin  a  yellow  pre- 
cipitate will  form  and  will  gradually  darken  in  color,  ultimately  be- 
coming black. 

2.  von  Jaksch-PoUak  Reaction.— Add  a  few  drops  of  ferric  chloride 
solution  to  10  C.C.  of  urine  in  a  test-tube  and  note  the  formation  of 
a  gray  color.  Upon  the  further  addition  of  the  chloride  a  dark  precipi- 
tate forms,  consisting  of  phosphates  and  adhering  melanin.  An  excess  of 
ferric  chloride  causes  the  precipitate  to  dissolve. 

This  is  the  most  satisfactory  test  for  the  identification  of  melanin  in 
the  urine. 

UROROSEIN. 

'l"his  is  a  pigment  which  is  not  present  in  normal  urine  but  may 
be  (let(.-tted  in  the  urine  of  various  diseases,  such  as  pulmonary  tuber- 
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culosis,  typhoid  fever,  nephritis,  and  stomach  disorders.  Urorosein,  in 
common  with  various  other  pigments,  does  not  occur  preformed  in  the 
urine,  but  is  present  in  the  form  of  a  chromogen,  which  is  transformed 
into  the  pigment  upon  treatment  with  a  mineral  acid. 

Experiments. 

1.  Robin's  Reaction.- — Acidify  lo  c.c.  of  urine  with  about  15  drops 
of  concentrated  hydrochloric  acid.  Upon  allowing  the  acidified  urine  to 
:itand,  a  rose-red  color  will  appear  if  urorosein  is  present. 

2.  Nencki  and  Sieber's  Reaction. — To  100  c.c.  of  urine  in  a  beaker 
add  10  c.c.  of  25  per  cent  sulphuric  acid.  Allow  the  acidified  urine 
to  stand  and  note  the  appearance  of  a  rose-red  color.  The  pigment  may 
be  separated  by  extraction  with  amyl  alcohol. 

UNKNOWN  SUBSTANCES. 

Ehrlich'sDiazo  Reaction.—  Place  equal  \olumes  of  urine  and  Ehrlich's 
diazobenzenesulphonic  acid  reagent'  in  a  test-tube,  mix  thoroughly 
by  shaking,  and  quickly  add  ammonium  hydroxide  in  excess.  The 
lest  is  positive  if  both  the  fluid  and  the  foam  assume  a  red  color.  If 
the  tube  is  allowed  to  stand  a  precipitate  forms,  the  upper  portion  of 
which  exhibits  a  blue,  green,  greenish-black,  or  violet  color.  Normal 
urine  gives  a  brownish-yellow  reaction  with  the  above  niani])ulation. 

'I"he  exact  nature  of  the  substance  or  substances  upon  whose  pres- 
ence in  the  urine  this  reaction  depends  is  not  well  understood.  Some 
investigators  claim  that  a  positive  reaction  indicates  an  abnormal  de- 
comj>osition  of  protein  material,  whereas  others  assume  it  to  be  due 
to  an  increased  excretion  of  alloxyprotcic  acid,  oxyproteic  acid,  or  uro- 
ferric  acid. 

The  reaction  may  be  taken  as  a  metabolic  symptom  of  certain  dis- 
orders, which  is  of  value  diagnostically  otily  when  taken  in  connection 
with  the  other  symptoms.  The  reaction  appears  principally  in  the  urine 
in  febrile  disorders  and  in  particular  in  the  urine  in  typhoid  fever,  tubercu- 
losis, and  measles.  The  reaction  has  also  been  obtained  in  the  urine 
in  various  other  disorders  such  as  carcinoma,  chronic  rheumatism, 

'  Two  scjjiiralc  solutions  shouH  be  pre[iiircd  and  mi^cd  in  definite  proportions  when 
needed  [or  use. 

i.i)   Five  K"ni^  of  siMlium  nitrite  dissolved  in  i  liter  of  distilled  water. 

I6I  Five  Ktiims  (if  sulphanilic  acid  and  50  c.c.  of  hydrochloric  acid  in  1  liter  of  distilled 

Si>lutitina  u  and  ft  should  bt  prcser\-ed  in  well-stoppered  vessels  and  miied  in  the  p«>- 
jiortion  i  :  50  whon  rt-i|uirt'd,  (ircen  asserts  Ibul  grealcT  delicacy  is  secured  by  mixing  the 
Mlulions  in  the  jirogtortion  1  :  itxy.  The  sodium  nitrite  deteriorates  upon  standing  and 
becomes  unfit  for  use  in  the  course  of  a  few  iveelcs. 
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diphtheria,    erysipelas,    pleurisy,    pneumonia,    scarlet    fever,    syphilis, 
typhus,   etc.    The  administration   of  alcohol,   chrysarobin,    creosote, 
cresol,  dionin,  guaiacol,  heroin,  morphine,  naphthalene,  opium,  phenol, 
tannic  acid,  etc.,  will  also  cause  the  urine  to  give  a  positive  reaction. 
The  following  chemical  reactions  take  place  in  this  test: 

(a)  NaNO,+HCl— HNOi+NaCl. 

NHi  N 

/  /    \ 

(b)  C,H4  +HN02— CsH*  N+2HjO. 

\  \     / 

HSO,  SO, 

Sulphanilic  acid.  Diuo-bcmenesulphDnic  acid. 
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CHAPTER  XX. 

URINE:  ORGANIZED  AND  UNORGANIZED 

SEDIMENTS. 

The  data  obtained  from  carefully  conducted  microscopical  exami- 
nations of  the  sediment  of  certain  pathological  urines  are  of  very  great 
importance,  diagnostically.  Too  little  emphasis  is  sometimes  placed 
upon  the  value  of  such  findings. 


\J 


The  sedimentary  constituents  may  be  divided  into  two  classes, 
t.  e.,  organized  and  unorganized.  The  sediment  is  ordinarily  collected 
for  examination  by  means  of  the  centrifuge  (Fig.  icz,  above).  An  older 
method,  and  one  still  in  vogue  in  some  quarters,  is  the  so-called  gravity 
method.  This  simply  consists  in  placing  the  urine  in  a  conical  glass 
and  allowing  the  sediment  to  settle.  The  collection  of  the  sediment  by 
means  of  the  centrifuge,  however,  is  much  preferable,  since  the  process 
of  sedimentation  may  be  accomplished  by  the  use  of  this  instrument  in  a 
few  minutes,  and  far  more  perfectly,  whereas  when  the  other  method  is 
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used  it  is  frequently  necessary  to  allow  the  urine  to  remain  in  the  con- 
ical glass  12-24  hours  before  sufficient  sediment  can  be  secured  for  the 
microscopical  examination. 

(a)  Unorganized  Sediments. 

Anmionium  magnesium  phosphate  ("Triple  phosphate")- 

Calcium  oxalate. 

Calcium  carbonate. 

Calcium  phosphate. 

Calcium  sulphate. 

Uric  acid. 

Urates. 

Cystine. 

Cholesterol. 

Hippuric  acid. 

Leucine  (?)  and  tyrosine. 

Hxmatoidin  and  bilirubin. 

Magnesium  phosphate. 

Indigo. 

Xanthine. 

Melanin. 

Ammonium  Magnesium  Phosphate  ("Triple  Phosphate")- — 
Crystals  of  "triple  phosphate"  are  a  characteristic  constituent  of  the 
sediment  when  alkaline  fermentation  of  the  urine  has  taken  place  either 
before  or  after  being  voided.  They  may  even  be  detected  in  amphoteric 
or  slightly  acid  urine  provided  the  ammonium  salts  are  present  in  large 
enough  quantity.  This  substance  may  occur  in  the  sediment  in  two 
forms,  i.  e.,  prisms  and  the  feathery  type.  The  prismatic  form  of  crystals 
(Fig.  loi,  p.  319)  is  the  one  most  commonly  observed  in  the  sediment;  the 
feathery  form  (Fig.  loi,  p.  319)  predominates  when  the  urine  is  made 
ammoniacal  with  ammonia. 

The  sediment  of  the  urine  in  such  disorders  as  are  accompanied  by  a 
retention  of  urine  in  the  lower  urinary  tract  contains  "triple  phosphate" 
crystals  as  a  characteristic  constituent.  The  crystals  are  frequently 
abundant  in  the  sediment  during  paraplegia,  chronic  cystitis,  enlarged 
prostate,  and  chronic  pyelitis. 

Calcitun  Oxalate. — Calcium  oxalate  is  found  in  the  urine  in  the  form 
of  at  least  two  distinct  types  of  crystals,  i.  e.,  the  dumb-bell  type  and  the 
octahedral  type  (Fig.  104,  p.  363).  Either  form  may  occur  in  the  sediment  of 
neutral,  alkaline,  or  acid  urine,  but  both  forms  are  found  most  frequently 
in  urine  having  an  acid  reaction.  Occasionally,  in  alkaline  urine,  the 
octahedral  form  is  confounded  with  "triple  phosphate"  crystals.    They 
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may  be  differentiated  from  the  phosphate  crystals  by  the  fact  that  they 
are  insoluble  in  acetic  acid. 

The  presence  of  calcium  oxalate  in  the  urine  is  not  of  itself  a  sign  of  any 
abnormality,  since  it  is  a  constituent  of  normal  urine.  It  is  increased 
above  the  normal,  however,  in  such  pathological  condiUons  as  diabetes 


^     -         ^ 


fi 


Fic.  104. — Calcium  Oxalate.     (Ogden.) 

mellitus,  in  organic  diseases  of  the  liver,  and  in  various  other  conditions 
which  arc  accompanied  by  a  derangement  of  digestion  or  of  the  oxidation 
mechanism,  such  as  occurs  in  certain  diseases  of  the  heart  and  lungs. 

Calcitun  Carbonate. — Calcium  carbonate  crystals  form  a  typical 
constituent  of  the  urine  of  herbivorous  animals.     They  occur  less  fre- 


Fio.  105. — Calcidk  Cakbonate, 


quenlly  in  human  urine.  The  reaction  of  urine  containing  these  crystals 
is  nearly  always  alkaline,  although  they  may  occur  in  amphoteric  or  in 
slightly  acid  urine.  It  generally  crystallizes  in  the  form  of  granules, 
spherules,  or  dumb-bells  (Fig.  105,  above).  The  crystals  of  calcium 
carbonate  may  be  differentiated  from  calcium  oxalate  by  the  fact  that 
they  dissolve  in  acetic  add  with  the  evolution  of  carbon  dioxide  gas. 
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CalchunPllo^llate^SteIUu'Pllo^llftte^ — Calcium  phosphate  mav 
occur  in  the  urine  in  three  fornix,  i.  e..  aniMphoua.  granular,  or  ci\'5taIHiie. 
The  r.ry-itala  of  calcium  phosphate  are  ordinarily  pointed,  wedge-shaped 
ffArmationa  which  may  occur  as  individual  crv'stals.  or  grouped  together 
in  more  or  less  regularly  formed  rosettes  'Fig.  Si.  p.  242^.  Add  sodium 
urate  crystals  i^\%.  107,  p.  366;  are  often  mistaken  for  cr^'stals  of  calcium 
phi'jf^hate.  We  may  differentiate  between  these  two  ciyatalline  forms  by 
the  fact  that  acetic  acid  will  readily  dissolve  the  phosphate,  whereas  the 
urate  i.^  much  les.4  s'duble  and  when  finally  brought  into  a^lutioD  and  re- 
crystallizes]  one  i»  frec^uently  enabled  to  identify  uric  acid  cr>-stal5  which 
have  been  formed  from  the  acid  urate  solution.  The  clinical  signitacance 
of  the  I'xxurrence  of  calcium  pho^hate  cr>-stals  in  the  urinary-  sediment 
is  similar  to  that  of  "triple  phosphate"  (see  page  319). 

Cakfaim  So^hate.— Crystals  of  calcium  sulphate  are  of  quite  rare 
occurrence  in  the  sediment  of  urine.  Their  presence  seems  to  be  limited 
in  general  to  urines  which  are  of  a  decided  acid  reaction.  Ordinarily 
it  crystallizes  in  the  form  of  long,  thin,  colorless  needles  or  prisms  (F^.  100, 
page  %\(i)  which  may  be  mistaken  for  calcium  phosphate  crystals.  There 
need  be  no  a»nfusion  in  this  respect,  however,  since  the  sulphate  cr>-stals 
are  inwilublc  in  acetic  acid,  which  reagent  readily  dissolves  the  phosphate. 
As  far  as  is  known  their  occurrence  as  a  constituent  of  urinarj'  sediment 
is  of  very  little  clinical  significance. 

Uric  Acid.-  Uric  acid  forms  a  very  common  constituent  of  the  sedi- 
ment of  urines  which  are  acid  in  reaction.  It  occurs  in  more  varied  forms 
than  any  of  the  other  crystalline  sediments  (Plate  V,  opposite  page  391, 
unci  I''ig.  106,  page  365),  some  of  the  more  common  varieties  of  crj-stals 
being  rhombic  jirisms,  wedges,  dumb-bells,  whetstones,  prismatic  rosettes, 
irregular  or  hexagonal  plates,  etc.  Crystals  of  pure  uric  acid  are  always 
colorless  ( Fig.  94,  page  293) ,  but  the  form  occurring  in  urinary  sediments 
is  im|)urc  and  under  the  microscope  appears  pigmented,  the  depth  of  color 
varying  fr<im  light  yellow  to  a  dark  reddish-brown  according  to  the  size 
and  form  of  the  crystal, 

'ITie  presence  of  a  considerable  uric  acid  sediment  does  not,  of  necessity, 
indicate  a  pathological  condition  or  a  urine  of  increased  uric  acid  content, 
since  this  substance  very  often  occurs  as  a  sediment  in  urines  whose  uric 
acid  content  is  diminished  from  the  normal  merely  as  a  result  of  changes  in 
reaction,  etc.  Pathologically,  uric  acid  sediments  occur  in  gout,  acute 
febrile  auKlilions,  chronic  interstitial  nephritis,  etc.  If  the  microscopical 
examination  is  not  conclusive,  uric  acid  may  be  differentiated  from  other 
crystallim-  urinary  sediments  from  the  fact  that  it  is  soluble  in  alkalis, 
alkali  ciirlmnales.  boiling  glycerol,  concentrated  sulphuric  acid,  and  in 
certain  organic  bases  such  as  ethyiamine  and  piperidin.     It  also  responds 
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to  the  murexide  lest  (see  page  292),  SchifF's  reaction  {see  page  293    and 
to  Moreigne's  reaction  (see  p.  293). 

Urates.  —The  urate  sediment  may  consist  of  a  mixture  of  the  urates  of 
ammonium,  calcium,  magnesium,  potassium,  and  sodium.  The  ammo- 
nium urate  may  occur  in  neutral,  alkaline,  or  acid  urine,  whereas  the  other 
forms  of  urates  are  confined  to  the  sediments  of  acid  urines.  Sodium 
urate  occurs  in  sediments  more  abundantfy  than  the  other  urates.  There 
are  two  sodium  urates,  the  mono  and  the  di,  which  may  be  expressed  thus 

^^ly  CsHiN^Oa  and  JJ^I/  C^H-NjOa.     Both   salts  dissociate  with 

the  production  of  an  alkaline  reaction,  the  alk; 


inity  being  stronger  in  the 


Fir..  loO. — Vabious  Forms  o?  Ukic  .\tiD. 
t.  Rhombic  plalcs;  1,  whetstone  forms;  3. 3.  quadrate  forciu;  4,  5,  prolonged  ii 
,  rosettes;  7,  pointed  bundles;  0,  barrel  forms  predpitated  by  adding  hydrocl 


case  of  the  di-sodium  urate.  The  so-called  quadriurale  hemtruale  have 
no  existence  as  chemical  units.'  The  urates  of  calcium,  magnesium,  and 
potassium  are  amorphous  in  character,  whereas  the  urate  of  ammonium 
is  crystalline.  Sodium  urate  may  be  either  amorphous  or  crystalline. 
When  crystalline  it  forms  groups  of  fan-shaped  clusters  or  colorless, 
prismatic  needles  (Fig,  107.  p.  366),  Ammonium  urate  is  ordinarily 
present  in  the  sediment  in  the  burr-Uke  form  of  the  "  thorn-apple"  crystal, 
i.  c,  yellow  or  reddish-brown  spheres,  covered  with  sharp  spicules  or 
prisms  (Plate  VI,  opposite).  The  urates  are  ail  soluble  in  hydrochloric 
add  or  acetic  acid  and  their  add  solutions  yield  crystals  of  uric  acid  upon 
standing.    They  also  respond  to  the  nturexide  test.     The  clinical  signifi- 

'  Taylor:  Jour.  Biol.  Chr.m.,  i,  177,  iqos. 
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cance  of  urate  sediments  is  very  similar  to  that  of  uric  acid.  A  considerable 
sediment  of  amoiphous  urates  does  not  necessarily  indicate  a  high  uric 
add  content,  but  ordinarily  signifies  a  concentrated  urine  having  a  very 
strong  acidity. 


Fig.  loj.—AciD  Sodium  Ukate. 


Cystine.— Cystine  is  one  of  the  rarer  of  the  crystalline  urinary  sedi- 
ments. It  has  been  claimed  that  it  occurs  more  often  in  the  urine  of  men 
than  of  women.  Cystine  crystallizes  in  the  form  of  thin,  colorless,  hex- 
agonal plates  (Fig.  25,  p.  81,  and  Fig.  108,  below)  which  are  insoluble  in 
water,  alcohol,  and  acetic  add,  and  soluble  in  minerals,  adds,  alkalis, 
and  especially  in  ammonia.     Cystine  may  be  identified  by  burning  it  upon 


£> 


^ 


Fir..  108.— Cystine.    {Ogden.) 

platinum  foil,  under  which  condition  it  does  not  melt  but  yields  a  bluish- 
green  flame. 

Cholesterol. — Cholesterol  crj'stals  have  been  but  rarely  detected  in 
urinary  sediments.  When  present  they  probably  arise  from  apathological 
condition  of  some  portion  of  the  urinary  tract.  Crystals  of  cholesterol 
have  been  found  in  the  sedimentincystitis,pyelitis,cbyluria,and  nephritis. 
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Ordinarily  it  crystallizes  in  large  regular  and  irregular  colorless,  transpar- 
ent plates,  some  of  which  possess  notched  comers  (Fig.  43,  page  166). 
Frequently,  instead  of  occurring  in  the  sediment,  it  is  found  in  the  fonn 
of  a  film  on  the  surface  of  the  urine. 

Hippuric  Acid. — This  is  one  of  the  rarer  sediments  of  human  urine. 
It  deposits  under  conditions  similar  to  those  which  govern  the  formation 
of  uric  acid  sediments.  The  crystals,  which  are  colorless  needles  or 
prisms  (Fig.  97,  page  300)  when  pure,  are  invariably  pigmented  in  a 
manner  similar  to  the  uric  add  crystals  when  observed  in  urinary  sedi- 
ment and  because  of  this  fact  are  frequently  confounded  with  the  rarer 
forms  of  uric  acid.  Hippuric  acid  may  be  differentiated  from  uric  add 
from  the  fact  that  it  does  not  respond  to  the  murexide  test  and  is  much 
more  soluble  in  water  and  in  ether.  The  detection  of  crystals  of  hip- 
puric acid  in  the  urine  has  very  little  clinical  significance,  since  its  presence 
in  the  sediment  depends  in  most  instances  very  greatly  upon  the  nature 
of  the  diet.  It  is  particularly  prone  to  occur  in  the  sediment  after  the 
ingestion  of  certain  fruits  as  well  as  after  the  ingestion  of  benzoic  add 
(seepage  300). 

Leucine  and  Tyrosine.— Leucine  and  tyrosine  have  frequently 
been  detected  in  the  urine,  either  in  solution  or  as  a  sediment.  Neither 
of  them  occurs  in  the  urine  ordinarily  ex-  ^^ 

cept  in  association  with  the  other,  i.  e.,  ^^V 

whenever  leucine  is  detected  it  is  more 
than  probable  that  tyrosine  accompam'es        _  ^^ 

ha\-e  been  found  pathologi-   flB  ^9    f^k 


« 


cally  in  the  urine  in  acute  yellow  atro- 
phy of  the  liver,  in  acute  phosphorus    ^^P  ^^  ^^k 
poisoning,  in  cirrhosis  of  the  liver,  in                        ^^  ^^f 
severe  cases  of  typhoid  fever  and  small-                                       ' 
pox,  and  in  leukaemia.     In  urinarj-  sedi-       '""  "^Euc^^t^^lOfu'cn""^*^ 
ments  leucine  ordinarily  crj'stallizes  in 

characteristic  spherical  masses  which  show  both  radial  and  concentric 
striations  and  are  highly  refractive  (Fig.  109,  above).  Some  investi- 
gators claim  that  these  cr>'stals  which  are  ordinarily  called  leucine  are. 
in  reality,  generally  urates.  This  view  point  has  become  more  general 
in  recent  years.  For  the  cr>'stalline  form  of  pure  leucine  obtained  as  a 
decomposition  product  of  protein  see  Fig.  27,  p.  85.  Tyrosine  crystal- 
lizes in  urinarj'  sediments  in  the  well-known  sheaf  or  tuft  formation 
(Fig.  24.  p.  81.)  For  other  tests  on  leucine  and  tyrosine  see  pages  90 
and  yr, 

Haematoidin  and  Bilirubin. — There  are  divergent  opinions  regard- 
ing the  occurrence  of  these  bodies  in  urinary  sediment.    Each  of  them 
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crystallizes  in  the  form  of  tufts  of  small  needles  or  in  the  form  of  small 
plates  which  are  ordinarily  yellowish-red  in  color  (Fig.  42,  p.  161).  Be- 
cause of  the  fact  that  the  crystalline  form  of  the  two  substances  is  identi- 
cal many  investigators  claim  them  to  be  one  and  the  same  body.  Other 
investigators  claim,  that  while  the  crystalline  form  is  the  same  in  each 
case,  there  are  certain  chemical  differences  which  may  be  brought  out 
very  strikingly  by  properly  testing.  For  instance,  it  has  been  claimed 
that  hxmatoidin  may  be  differentiated  from  bilirubin  through  the  fact 
that  it  gives  a  momentary  color  reaction  (blue)  when  nitric  acid  is  brought 
in  contact  with  it,  and,  further,  that  it  is  not  dissolved  on  treatment 
with  ether  or  potassium  hydroxide.  Pathologically,  tj^pical  crj'stals  of 
htcmatoidin  or  bilirubin  have  been  found  in  the  urinary  sediment  in 
jaundice,  acute  yellow  atrophy  of  the  hvcr,  carcinoma  of  the  liver. 
cirrhosis  of  the  liver,  and  in  phosphorus  poisoning,  tyjjhoid  fever,  and 
scarlatina. 

Magneshim  Phosphate.^ — Magnesium  phosphate  crystals  occur 
rather  infrequently  in  the  sediment  of  urine  which  is  neutral, 
alkaline,  or  feebly  acid  in  reaction.  It  ordinarily  crystallizes  in  elon- 
gated, highly  refractive,  rhombic  plates  which  are  soluble  in  acetic 
acid. 

Indigo. — Indigo  crystals  are  frequently  found  in  urine  which  has 
undergone  alkaline  fermentation.  They  result  from  the  breaking  down 
of  indoxy  I -sulphates  or  indoxyl-glycuronates.  Ordinarily  indigo  deposits 
as  dark  blue  stellate  needles  or  occurs  as  amorphous  particles  or  broken 
fragments.  These  crj-stalline  or  amorphous  forms  may  occur  in  the 
sediment  or  may  form  a  blue  film  on  the  surface  of  the  urine.  Indigo 
crystals  generally  occiir  in  urine  which  is  alkaline  in  reaction,  but  they 
have  been  detected  in  acid  urine, 

Xanthioc^Xanthine  is  a  constituent  of  normal  urine  but  is  found 
in  the  sediment  in  crystalline  form  very  infrequently,  and  then  only  in 
pathological  urine.  When  present  in  the  sediment  xanthine  generally 
occurs  in  the  form  of  whetstone-shaped  crystals  somewhat  similar  in 
form  to  the  whetstone  variety  of  uric  acid  crystal.  They  may  be  differ- 
entiated from  uric  acid  by  the  great  ease  with  which  they  may  be  brought 
into  solution  in  dilute  ammonia  and  on  applying  heat.  Xanthine  may 
also  form  urinary  calculi.  The  clinical  significance  of  xanthine  in 
urinary  sediment  is  not  well  understood. 

Melanin-^Melanin  is  an  extremely  rare  constituent  of  urinary 
sediments.  Ordinarily  in  melanuria  the  melanin  remains  in  solution; 
if  it  separates  it  is  generally  held  in  suspension  as  fine  amorphous 
granules. 
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(b)  Oiganized  Sediments. 

Epithelial  cells. 
Pus  cells. 

Hyaline. 

Granular. 

Epithelial. 
Casts.      Blood. 

Fatty. 

Waxy. 

Pus. 
Cylmdroids, 
Erythrocytes. 
Spennatozoa. 
Urethral  filaments.  ■ 
Tissue  debris. 
Animal  parasites. 
Micro-organisms. 
Fibrin. 
Foreign  substances  due  to  contamination. 

Epithelial  Cells. — The  detc-ction  of  a  certain  numl>cr  of  thvxc  cells  in 
urinary  sediment  is  not,  of  itself,  a  pathological  sign,  since  they  occur  in 
normal  urine.  However,  in  certain  pathological  conditions  they  are 
greatly  increased  in  nimiber,  and  since  diflferent  areas  of  the  urinary  tract 
are  lined  with  different  forms  of  epithelial  cells,  it  becomes  necessary, 
when  examining  urinary  sediments,  to  note  not  only  the  relative  number 
of  such  cells,  but  at  the  same  time  to  carcfu))y  observe  the  shape  of  the 
various  indi\-iduals  in  order  to  determine,  as  far  as  ]>i>ssible,  from  what 
portion  of  the  tract  they  have  been  derived.  Since  the  different  layers  of 
the  epithelial  lining  are  composed  of  cells  different  in  form  from  thos4:  of 
the  associated  layers,  it  is  evident  that  a  careful  micrijsc(»[»ical  examination 
of  these  cells  may  tell  us  the  particular  layer  which  is  IxHng  desf^uamatcfl. 
It  is  frequently  a  most  difhcult  undertaking,  however,  to  make  a  ck-ar 
difierentiation  between  the  various  forms  of  ei)ithclial  i:e\h  pres4:nt  in  the 
sediment.  If  skilfully  done,  such  a  microM:(^>ical  differentiation  may 
prove  U)  be  of  ver>-  great  diagnostic  aid. 

The  princifial  forms  of  q>ithelial  ct-lls  met  with  in  urinar>'  .<i<9limcnLs 
are  shown  in  Fig.  no.  p.  370. 

Pus  Cells.-  Pus  corftuscle*  or  k-uax:>'tcs  are  present  in  extremdy 
small  numbers  in  nonnal  urine.  Any  con.si<terable  increase  in  the  number. 
liowe\'«.  ordinarily  denotes  a  patholcjgical  c**ndition,  generally  an  acute 
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or  chronic  ioflaminatory  condition  of  some  portion  of  the  urinary  tract. 
The  sudden  appearance  of  a  large  amount  of  pus  in  a  sediment  denotes 
the  opening  of  an  abscess  into  the  urinary  tract.  Other  form  elements, 
such  as  epithelial  cells,  casts,  etc.,  ordinarily  accompany  pus  corpuscles 
in  urinary-  sediment  and  a  careful  examination  of  these  associated  elements 
is  necessarj-  in  order  to  form  a  correct  diagnosis  as  to  the  origin  of  the  pus. 
Protein  is  always  present  in  urine  which  contains  pus. 

The  appearance  which  pus  corpuscles  exhibit  under  the  microscope 
depends  greatly  upon  the  reaction  of  the  urine  containing  them.  In 
acid  urine  they  generally  present  the  appearance  of  round,  colorless  cells 


Fic.  I  lo, — Epitheliuu  fkiiu  Dif^erkst  Arkas  of  tbk  URiNAkY  Tract. 
a,  Leucocy^  (for  comparison};  b,  renal  ceils;  c,  supcrlicial  pelvic  cells;  d,  deep  pelvic 
cell*;  e,  cells  from  calices;/,  cells  (torn  ureter;  g.  g,  g,  g,  g,  squamous  epithelium  from  the 
bUdder;  A,  k,  neck-of -bladder  cells;  i,  epithelium  from  prostatic  urothra;  k,  urethral  cells; 
I,  I,  scaly  epithclium;m,m',  cells  from  seminal  passages;  fi,  compound  granule  cells;",  fatty 
leoal  cell.     (Ogdtn.) 

composed  of  refractive,  granular  protoplasm,  and  may  frequently  exhibit 
amoeboid  movements,  especially  if  the  slide  containing  them  be  warmed 
slightly.  They  are  nucleated  {one  or  more  nuclei),  the  nuclei  being  clearly 
visible  only  upon  treating  the  cells  with  water,  acetic  acid,  or  some  other 
suitable  reagent.  In  urine  which  has  a  dedded  alkaUne  reaction,  on  the 
other  hand,  the  pus  corpuscles  arc  often  greatly  degenerated.  They  may 
be  seen  as  swollen,  transparent  cells,  which  exhibit  no  eranular  structure 
and  as  the  process  of  degeneration  continues  the  cell  outline  ceases  to  be 
visible,  the  nuclei  fade,  and  finally  only  a  mass  of  debris  containing 
isolated  nuclei  and  an  occasional  ceil  remains. 

It  is  frequently  rather  difficult  to  make  a  differentiation  between  pus 
corpuscles  and  certain  types  of  epithelial  cells  which  are  similar  in  form. 
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Such  confusion  may  be  avoided  by  the  addition  of  iodine  solution  (I  in 
KI),  a  reagent  which  stains  the  pus  corpuscles  a  deep  mahogany-brown 
and  transmits  to  the  epithelial  cells  a  light  yellow  tint.  The  test  proposed 
by  Vitali  often  gives  very  satisfactory  results.  This  simply  consists 
in  acidifying  the  urine  (if  alkaline)  with  acetic  add,  then  filtering,  and 
treating  the  sediment  on  the  filter  paper  with  freshly  prepared  tincture 
of  guaiac.  The  presence  of  pus  in  the  sediment  is  indicated  if  a  blue 
color  is  observed.  Large  numbers  of  pus  corpuscles  are  present  in  the 
urinary  sediment  in  gonorrhcea,  leucorrhcea,  chronic  pyelitis,  and  in 


Fk;.  111. — Pvs  Corpuscles.    (After  (//(tmann.) 

I,  Niirmiil;  2,  showinR  amteboid  movements;  3,  nuclei  rendered  distinct  by  acetic  acid;  4, 

ns  (ibser\'ed  in  chronic  pyelitis;  5,  swollen  by  ammonium  carbonate. 

abscess  of  the  kidney.  In  addition  to  the  usual  constituents  found  in 
leucocytes  Mandel  and  Levene'  claim  that  pus  cells  contain  ^/wco/Ainow 
acid. 

Casts. — These  are  cylindrical  formations,  which  originate  in  the 
urinifernus  tubules  and  are  forced  out  by  the  pressure  of  the  urine.  They 
vary  grt-atly  in  size,  but  in  nearly  every  instance  they  possess  parallel 
sides  and  rounded  ends.  The  finding  of  casts  in  the  urine  is  very  impor- 
tant hetausc  of  the  fact  that  they  generally  indicate  some  kidney  disorder; 
if  albumin  accompanies  the  casts  the  indication  is  much  accentuated, 
Casts  have  been  classified  according  to  their  microscopical  characteristics 
as  follows:  {a)  Hyaline,  (6)  granular,  (c)  epithelial,  id)  blood,  (e)  fatty, 
(0  waxy,  (g)  ]>us. 

{a)  Hyaline  C'aj/.t.— These  are  composed  of  a  basic  material  which 
is  transparent,  homogeneous,  and  verj'  light  in  color  (Fig.  112,  p.  372). 
In  fact,  chiefly  because  of  these  physical  properties,  they  are  the  most 

'  Manrlel  and  I.evenc:  BiachFmisckt  Zeilsrhrifl,  4,  7S,  190;. 
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difficult  form  of  renal  casts  to  detect  under  the  microscope.  Frequently 
such  casts  are  impregnated  with  deposits  of  various  forms,  such  as 
erj'throcytes,  epithelial  cells,  fat  globules,  etc.,  thus  rendering  the  form 
of  the  cast  more  plainly  \'isible.  Staining  is  often  resorted  to  in  order 
to  render  the  shape  and  character  of  the  cast  more  easily  determined. 
Ordinary  iodine  solution  (I  in  KI)  may  be  used  in  this  connection;  many 
of  the  aniline  dyes  are  also  in  common  use  for  this  purpose,  t.  g.,  gentian- 
violet,  Bismarck- brown,  methylene-blue,  fuchsin,  and  eosin.  Generally, 
but  not  always,  albumin  is  present  in  urine  containing  hyaline  casts. 


Hyahnc  casts  are  common  to  all  kidney  disorders,  but  occur  particularly 
in  the  earliest  and  recovering  stages  of  parenchymatous  nephritis  and 
interstitial  nephritis. 

(6)  Granular  Casls. — ^The  common  hyaline  material  is  ordinarily  the 
basic  substance  of  this  form  of  cast.  The  granular  material  generally 
consists  of  albumin,  epithelial  cells,  fat,  or  disintegrated  erythrocytes  or 
leucocytes,  the  character  of  the  cast  varjing  according  to  the  nature  and 
size  of  the  granules  (Fig,  113,  p.  373,  and  Fig.  114.  page  37^).  Thus 
we  have  casts  of  this  general  type  classified  a£  finely  granular  and  coarsely 
granular  casts.  Granular  casts,  and  in  particular  the  finely  granular 
types,  occur  in  the  sediment  in  practically  every  kidney  disorder  but  are 
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probably  especially  characteristic  of  the  sediment  in  inflammatory 
disorders. 

(c)  Epithelial  Casts. — These  are  casts  bearing  upon  their  surface  epi- 
thelial cells  from  the  lining  of  the  urinUerous  tubules  (Fig.  115,  p.  374). 
The  basic  material  of  this  form  of  cast  may  be  hyaline  or  granular  in 
nature.  Epithelial  casts  are  particularly  abundant  in  the  urinary  sedi- 
ment in  acute  nephritis. 

(b)  Blood  Casts. — Casts  of  this  type  may  consist  of  erythrocytes 
borne  upon  a  hyaline  or  a  fibrinous  basis  (Fig,  1 16,  p.  374).  The  occur- 
rence of  such  casts  in  the  urinary  sediment  denotes  renal  hemorrhage  and 
they  are  considered  to  be  especially  characteristic  of  acute  diffuse  nephritis 
and  acute  congestion  of  the  kidney. 


ij^Grandlah  Casts     I \hei  Fcycr.) 

(c)  Fatty  Casts. — Fatty  casts  may  be  formed  by  the  deposition  of  fat 
globules  or  crystals  of  fatty  acid  upon  the  surface  of  a  hyaline  or  granular 
cast  (Fig.  117,  p.  37s).  In  order  to  constitute  a  true  fatty  cast  the 
deposited  material  must  cover  the  greater  part  of  the  surface  area  of  the 
cast.  The  presence  of  fatty  casts  in  urinary  sediment  indicates  fatty 
degeneration  of  the  kidney;  such  casts  are  particularly  characteristic  of 
subacute  and  chronic  inflammation  of  the  kidney. 

(/)  Waxy  Casts. — These  casts  possess  a  basic  substance  similar  to 
that  which  enters  into  the  foundation  of  the  hyaline  form  of  cast.  In 
common  with  the  hyaline  type  they  are  colorless,  refractive  bodies,  but 
differ  from  this  form  of  cast  in  beingj  in  general,  of  greater  length  and 


Fig.  117. — Fatty  Casts.     (After Peyer.) 


Fig.  118.— Fatty  and  Waxy  Casts, 
u,  Falty  casts;  i>,  waxy  c 
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which  causes  the  nuclei  of  the  leucocytes  to  become  plainly  visible.     The 
true  pus  cast  is  quite  rare  and  indicates  renal  suppuration. 

Cylindroids, — These  formations  may  occur  in  normal  or  pathological 
urine  and  have  no  particular  clinical  significance.  They  are  frequently 
mistaken  for  true  casts,  especially  the  hyaline  type,  but  they  are  ordinarily 
flal  in  structure  with  a  rather  smaller  diameter  than  casts,  may  possess 
forked  or  branching  ends,  and  are  not  composed  of  homogenous  material 
as  are  the  hyaline  casts.  Such  "false  casts"  may  become  coated  with 
urates,  in  which  event  they  appear  granular  in  structure.    The  basic 


Fig.   I  iq.— Cvundroids.     {hhct  Peytr.) 


substance  of  cylindroids  is  often  the  nucleoprotein  of  the  urine  (Fig. 
1 19,  above) . 

Eiythrocytes. — These  form  elements  are  present  in  the  urinary 
sediment  in  various  diseases.  They  appear  as  the  normal  biconcave, 
yellow  erythrocyte  (Plate  IV,  opposite  page  196}  or  may  exhibit  certain 
modifications  in  form,  such  as  the  ctenated  type  (Fig.  120,  p.  377)  which 
is  often  seen  in  concentrated  urine.  Under  different  conditions  they  may 
become  swollen  sufficiently  to  entirely  erase  the  biconcave  appearance  and 
may  even  occur  in  the  form  of  coloriess  spheres  having  a  smaller  diameter 
than  the  original  disc-shaped  corpuscles.  Erythrocytes  are  found  in 
urinary  sediment  in  hemorrhage  of  the  kidney  or  of  the  urinary  tract,  in 
traumatic  hemorrhage,  hemorrhage  from  congestion,  and  in  hemorrhagic 
diathesis. 

Spennatozoa. — Spermatozoa  may  be  detected  in  the  urinary  sedi- 
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ment  in  diseases  of  the  genital  organs,  as  well  as  after  coitus,  nocturnal 
emissions,  epileptic,  and  other  convulsive  attacks,  and  sometimes  in 
severe  febrile  disorders,  especially  in  typhoid  fever.     In  form  they  con- 


sist of  an  oval  body,  to  which  is  attached  a  long,  delicate  tail  (Fig.  121, 

below).    Upon  examination  they  may  show  motility  or  may  be  motionless. 

Urethral  FUaments. — These  are  peculiar  thread-like  bodies  which 


are  sometimes  found  in  urinary  sediment.  They  may  occasionally  be 
detected  in  normal  urine  and  pathologically  are  found  in  the  sediment  in 
acute  and  chronic  gonorrhcea  and  in  urethrorrhcea.  The  ground-sub- 
stance of  these  urethral  filaments  is,  in  part  at  least,  similar  to  that  of  the 


378  PHYSIOLOGICAL  CHEMISTRV 

cylindroids  (see  page  376).  The  urine  first  voided  in  the  morning  is  best 
adapted'  for  the  examination  for  filaments.  These  filaments  may  ordi- 
narily be  removed  by  a  pipette  since  they  are  generally  macroscopic. 

Tissue  Debris. — Masses  of  cells  or  fragments  of  tissue  are  frequently 
found  in  the  urinary  sediment.  They  may  be  found  in  the  sediment  in 
tubercular  affections  of  the  kidney  and  urinary  tract  or  in  tumors  of  these  ■ 
organs.  Ordinarily  it  is  necessary  to  make  a  histological  examination  of 
such  tissue  fragments  before  coming  to  a  final  decision  as  to  their  origin. 

Animal  Parasites.' — The  cysts,  hooklets,  and  membrane  shreds 
of  echinococci  are  sometimes  found  in  the  urinary  sediments.  Other 
animal  organisms  which  are  more  rarely  met  with  in  the  urine  are  em- 
bryos of  the  Filaria  sanguinis  and  eggs  of  the  Distoma  hamatobium  and 
Ascarides.  Animal  parasites  in  general  occur  most  frequently  in  the 
urine  in  tropical  countries. 

Micro-Ol^llisms. — Bacteria  as  well  as  yeasts  and  moulds  are  fre- 
quently detected  in  the  urine.  Both  the  pathogenic  and  non-patho- 
genic forms  of  bacteria  may  occur.  The  non-pathogenic  forms  most 
frequently  observed  are  micrococcus  urea,  bacillus  urea,  and  staphylococcus 
urea  liquefaciens.  Of  the  pathogenic  forms  many  have  been  observed, 
e.  g.,  Bacterium  Coli,  typhoid  baciilus,  tubercle  bacillus,  gonococcus,  bacillus 
pyocyaneus,  and  proteus  vulgaris.  Yeast  and  moulds  are  most  frequently 
met  in  diabetic  urine. 

Fibrin. — Following  hematuria,  fibrin  clots  are  occasionally  ob- 
served in  the  urinary  sediment.  They  are  generally  of  a  semi-gelatin- 
ous consistency  and  of  a  very  light  color,  and  when  examined  under 
the  microscope  they  are  seen  to  be  composed  of  bundles  of  highly  re- 
fractive fibers  which  run  parallel. 

Foreign  Substances  Due  to  Ccmtamination. — Such  foreign  sub- 
stances as  fibers  of  silk,  linen,  or  wool;  starch  granules,  hair,  fat,  and 
sputum,  as  well  as  muscle  fibers,  vegetable  cells,  and  food  particles  are 
often  found  in  the  urine.  Care  should  be  taken  that  these  foreign 
substances  are  not  mistaken  for  any  of  the  true  sedimentary  constituents 
already  mentioned. 
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CHAPTER  XXI. 
URINE:  CALCUU. 

Urinarj-  calculi,  also  called  concretions,  or  concremenls  are  solid 
masses  of  urinary  sediment  formed  in  some  part  of  the  urinary  tract. 
They  vary  in  shape  and  size  according  to  their  location,  the  smaller 
calculi,  termed  sand  or  gravel,  in  general  arising  from  the  kidney  or  the 
pelvic'  portion  of  the  kidney,  whereas  the  large  calculi  are  ordinarily 
formed  in  the  bladder.  There  are  two  general  classes  of  calculi  as 
regards  composition,  i.  e.,  simple  and  compound.  The  simple  form  is 
made  up  of  but  a  single  constituent,  whereas  the  compound  type  con- 
tains two  or  more  individual  constituents.  The  structural  plan  of 
most  calculi  consists  of  an  arrangement  of  concentric  rings  about  a 
central  nucleus,  the  number  of  rings  frequently  being  dependent  upon 
the  number  of  individual  constituents  which  enter  into  the  structure 
of  the  calculus.  In  case  two  or  more  calculi  unite  to  form  a  single  calculus 
the  resultant  body  will  obviously  contain  as  many  nuclei  as  there  were 
individual  calculi  concerned  in  its  construction.  Under  certain  condi- 
tions the  growth  of  a  calculus  will  be  principally  in  only  one  direction, 
thus  preventing  the  nucleus  from  maintaining  a  central  location.  The 
qualitative  composition  of  urinary  calculi  is  dependent,  in  great  part, 
upon  the  reaction  of  the  urine,  e.  g.,  if  the  reaction  of  the  urine  is  acid  the 
calculi  present  will  be  composed,  in  great  part  at  least,  of  substances  that 
are  capable  of  depositing  in  acid  urine. 

According  to  Ultzmann,  out  of  545  cases  of  urinary  calculus,  uric 
acid  and  urates  formed  the  nucleus  in  about  81  per  cent  of  the  cases; 
earthy  phosphates  in  about  9  per  cent;  calcium  oxalate  in  about  6  per 
cent;  cystine  in  something  over  i  per  cent,  while  in  about  3  per  cent 
of  the  cases  some  foreign  body  comprised  the  nucleus. 

In  the  chemical  examination  of  urinary  calculi  the  most  valuable 
data  are  obtained  by  subjecting  each  of  the  concentric  layers  of  the 
calculus  to  a  separate  analysis.  Material  for  examination  may  be 
conveniently  obtained  by  sawing  the  calculus  carefully  through  the 
nucleus,  then  separating  the  various  layers  or  by  scraping  off  from 
each  layer  (without  separating  the  layers)  enough  powder  to  conduct 
the  examination  as  outlined  in  the  scheme  (see  page  391). 
379 
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Varieties  of  Calculus. 


Uric  Acid  and  Urate  Calculi.— Uric  acid  and  urates  constitute  the 
nuclei  of  a  large  proportion  (8i  per  cent)  of  urinary  concretions.  Such 
stones  are  always  colored,  the  tint  varying  from  a  pale  yellow  to  a 
brownish-red.  The  surface  of  such  calculi  is  generally  smooth  but  it 
may  be  rough  and  uneven. 

Phosphatic  Calculi. — Ordinarily  these  concretions  consist  prin- 
cipally of  "triple  phosphate"  and  other  phosphates  of  the  alkaline 
earths,  with  very  frequent  admixtures  of  urates  and  oxalates.  The 
surface  of  such  calculi  is  generally  rough  but  may  occasionally  be  rather 
smooth.  The  calculi  are  somewhat  variable  in  color,  exhibiting  gray, 
white,  or  yellow  tints  under  different  conditions.  When  composed  of 
earthy  phosphates  the  calculi  are  characterized  by  their  friability. 

Calcium  Oxalate  Calculi. — This  is  the  hardest  form  of  calculus 
to  deal  with,  and  is  rather  difficult  to  crush.  They  ordinarily  occur 
in  two  general  forms,  i.  e.,  the  small,  smooth  concretion  which  is  charac- 
terized as  the  hemp-seed  calculus  and  the  medium-sized  or  large  stone 
possessing  an  extremely  uneven  surface  which  is  generally  classed  as 
a  mulberry  calculus.  This  roughened  surface  of  the  latter  form  of  calcu- 
lus is  due,  in  many  instances,  to  protruding  caici  um  oxalate  crystals  of 
the  octahedral  type. 

Calcium  Carbonate  Calculi.— Calcium  carbonate  concretions  are 
quite  common  in  herbivorous  animals,  but  of  exceedingly  rare  occurrence 
in  man.  They  are  generally  small,  white,  or  grayish  calculi,  spherical 
in  form  and  possess  a  hard,  smooth  surface. 

Cystine  Calculi. — The  cystine  calculus  is  a  rare  variety  of  calculus. 
Ordinarily  they  occur  as  small,  smooth,  oval,  or  cylindrical  concretions 
which  are  white  or  yellow  in  color  artd  of  a  rather  soft  consistency. 

Xanthine  Calculi.— This  form  of  calciJus  is  somewhat  more  rare 
than  the  cystine  type.  The  color  may  vary  from  white  to  brownish- 
yeliow.  Very  often  uric  acid  and  iu"ates  are  associated  with  xanthine 
in  this  t>pe  of  calculus.  Upon  rubbing  a  xanthine  calculus  it  has  the 
property  of  assuming  a  wax-like  appearance. 

Urostealith  Calculi. — This  form  of  calciUus  is  extremely  rare. 
Such  concretions  are  composed  principally  of  fat  and  fatty  acid.  When 
moist  they  are  soft  and  clastic,  but  when  dried  they  become  brittle. 
Uroslealiths  are  generally  hght  in  color. 

Fibrin  Calculi. — Fibrin  calculi  are  produced  in  the  process  of 
blood  coagulation  within  the  urinary  tract.  They  frequently  occJr  as 
nuclei  of  other  forms  of  calculus.     They  are  rarely  found. 
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Cholesterol  Calculi. — An  extremely  rare  form  of  calculus  some- 
what resembling  the  cystine  type. 

Indigo  Calculi. — Indigo  calcuh  are  extremely  rare,  only  two  cases 
having  been  reported.  One  of  these  indigo  calculi  is  on  exhibition  in 
the  museum  of  Jefferson  Medical  College  of  Philadelphia. 

The  scheme,  proposed  by  Heller  and  given  on  page  381,  will  be  found 
of  much  assistance  in  the  chemical  examination  of  urinary  calculi. 
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CHAPTER  XXII. 

URINE:  QUANTITATIVE  ANALYSIS. 

I.  Protein. 

I.  ScheTer*s  Coagulation  Method.^The  content  of  coaguiahle 
protein  may  be  accurately  determined  as  follows:  Place  50  c.c,  of  urine  in 
a  small  beaker  and  raise  the  temperature  of  the  fluid  to  about  40°  C.  upon 
a  water-bath.  Add  dilute  acetic  acid,  drop  by  drop,  to  the  warm  urine, 
to  precipitate  the  protein  which  will  separate  in  a  flocculent  form.  Care 
should  be  taken  not  to  add  too  much  acid;  ordinarily  less  than  twenty 
drops  is  sufficient.  The  temperature  of  the  water  in  the  water-bath 
should  now  be  raised  to  the  boiling-point  and  maintained  there  for  a  few 
minutes  in  order  to  insure  the  complete  coagulation  of  the  protein  present. 
Now  filter  the  urine'  through  a  previously  washed,  dried,  and  weighed 
filter  paper,  wash  the  precipitated  protein,  in  turn,  with  hot  water,  95 
per  cent  alcohol,  and  with  ether,  and  dry  the  paper  and  precipitate,  to 
constant  weight,  in  an  air-bath  at  110°  C.  Subtract  the  weight  of  the 
filter  paper  from  the  combined  weight  of  the  paper  and  precipitate  and 
calculate  the  percentage  of  protein  in  the  urine  specimen. 

Calculation. — To  determine  the  percentage  of  protein  present  in  the 
urine  under  examination,  multiply  the  weight  of  the  precipitate,  expressed 

in  grams,  by  2.  V*T*^'  ^^-^  4^^   fiX^i*-*-!-*,*..*^ 

3.  Esbach's  Method. — ft'his  method  depeiras  upon  the  precipitation 
of  protein  by  Esbach's  reagent'  and  the  apparatus  used  in  the  estimation 
is  Esbach's  albuminometer  (Fig.  122,  p.  384).  In  making  a  determina- 
tion fill  the  albuminometer  to  the  point  U  with  urine,  then  intro- 
duce the  reagent  until  the  point  R  is  reached.  Now  stopper  the 
tube,  invert  it  slowly  several  times  in  order  to  insure  the  thorough  mixing 
of  the  fluids,  and  stand  the  tube  aside  for  24  hours.  Creatinine,  resin 
acids,  etc.,  are  precipitated  in  this  method,  and  for  this  and  other  reasons 
it  is  not  as  accurate  as  the  coagulaUon  method.  It  is,  however,  extensively 
used  clinically.    According  to  Sahli'  the  method  is  "accurate  approxi- 

'  If  it  is  desired  the  precipitate  may  be  filtered  off  on  an  umcHghcd  paper,  and  its  nilrogcn 
content  determined  by  the  KieldBhlniethod(scc  p.  401),  Inorder  to  arrive  at  correct  figures 
for  the  protein  content  it  is  then  simply  necessarj-  to  multiply  the  total  nitroBen  content  by 
6. 15  (see  p.  4jS).  Correction  should  be  made  for  the  nitrogen  content  of  the  filter  paper 
used  unless  this  factor  is  negligible. 

*  Ksbach's  reagent  is  prepared  by  dissolving  lo  grams  of  picric  acid  and  30  grams  of 
citric  acid  in  i  liter  of  water. 

•Sahli:  Lihrhuchd.  klin.  t'nUriuchung!-Mr.thadm,  sth  .Aull.,  1909. 
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raately  to  one  part  per  looo,"  whereas  Pfeiffer'  claims  it  is  not  accui 
for  less  than  one-half  or  for  more  than  five  parts  per  lOOO. 

Cakidalion. — The  graduations  on  the  albuminonieter  indicate  grams 
of  protein  per  liter  of  urine.  Thus,  if  the  protein  precipitate  is  level  with 
the  figure  j  of  the  graduated  scale,  this  denotes  that  the  urine  examined 
contains  3  grams  of  protein  to  the  liter.  To  express  the 
amount  of  protein  in  per  cent  simply  move  the  decimal 
point  o)ie  place  to  the  left.  In  the  case  under  con- 
sideration the  urine  contains  0.3  per  cent  protein. 

3,  Kwilecki's  Modification  of  Esbach's  Method.^ 

— Add  10  drops  of  a  10  per  cent  solution  of  FeClj  to  the 

jiil  I  acid   urine   before   introducing   the    Esbach's   reagent. 

j|  I  Warm  the  tube  and  contents  in  a  water-bath  at  72"  C. 

for  5-6  minutes  and  make  the  reading. 


/Sel 


n.  Dextrose. 


Yehling's  Method. ^Place  lo  c.c.  of  the  urine 
under  examination  in  a  100  c.c.  volumetric  flask  and 
make  the  volume  up  to  100  c.c.  with  distilled  water. 
Thoroughly  mix  this  diluted  urine  by  pouring  it  into  a 
beaker  and  stirring  with  a  glass  rod.  then  transfer  a 
portion  of  it  to  a  burette  which  is  properly  supported  in 
a  clamp. 

Now  place  10  c.c.  of  Fehling's  solution'  in  a  small 
beaker,  dilute  it  with  approximately  40  c.c.  of  distilled 
water,  heat  to  boiling,  and  observe  whether  decomposi- 
tion of  the  Fehling's  solution  itself  has  occurred  as 
indicated  by  the  production  of  a  turbidity.  If  such  tur- 
bidity is  produced  the  Fehling's  solution  is  unfit  for  use. 
Clamp  the  burette  containing  the  dilute  urine  immedi- 
FiG.  121— ¥.f.-  ately  over  the  beaker  and  carefully  allow  from  0.5  to  i 
oiiEtEB.'  (0«drn.)  c.c.  of  the  diluted  urine  to  flow  into  the  boiling  Fehl- 
ing's solution.  Bring  the  solution  to  the  boiling-point 
after  each  addition  of  urine  and  continue  running  the  urine  from  the 
burette,  c.5-1  c.c,  at  a  time,  as  indicated,  until  the  Fehling's  solution  is 
completely  reduced,  i.  c,  until  all  the  cupric  oxide  in  solution  has  been 
precipitated  as  cuprous  oxide.  This  point  will  be  indicated  by  the 
absolute  disappearance  of  all  blue  color.    When  this  end-point  is  reached 


I 


'  Pfdffer:  Berl.  kliH.  W„ck..  49,  1 14.  igii. 
•  Kwilccki:  MUnch  Mtd.  IVncli.,  5(1.  p.  1330. 
■  Direclions  [or  the  prepatation  of  V'chling's  soUit 
olpngesi. 


a  note  at  the  boltorn 


urine:  quantitative  analysis  385 

note  the  number  of  cubic  centimeters  of  diluted  urine  used  in  the  proc- 
ess and  calculate  the  percentage  of  dextrose  present,  in  the  sample  of 
urine  analyzed,  according  to  the  method  given  below. 

This  is  a.  very  satisfactory  method,  the  main  objection  to  its  use  being 
the  uncertainty  attending  the  determination  of  the  end-reaction,  i.  e.,  the 
difficulty  with  which  the  exact  point  where  the  blue  co\or  finally  disappears 
is  noted.  Several  means  of  accurately  fLxing  this  point  have  been  sug- 
gested, but  they  are  practically  all  open  to  objection.  As  good  a  "  check  " 
as  any,  perhaps,  is  to  filter  a  few  drops  of  the  solution  through  a  double 
paper,  after  the  blue  color  has  apparently  disappeared,  acidify  the  filtrate 
with  acetic  acid  and  add  potassium  ferrocyanide.  If  the  copper  of  the 
Fehling's  solution  has  been  completely  reduced,  there  will  be  no  color 
reaction,  whereas  the  production  of  a  brown  color  indicates  the  presence 
of  unreduced  copper.  Harrison  has  recently  suggested  the  following  pro- 
cedure to  determine  the  exact  end-point:  To  about  i  c.c.  of  a  starch 
iodide  solution'  in  a  test-tube  add  2-3  drops  of  acetic  acid  and  introduce 
into  the  acidified  mixture  i~2  drops  of  the  solution  to  be  tested.  Un- 
reduced copper  will  be  indicated  by  the  production  of  a  purplish-red  or 
blue  color  due  to  the  liberation  of  iodine. 

It  is  ordinarily  customary  to  make  at  least  three  determinations  by 
Fehling's  method  before  coming  to  a  final  conclusion  regarding  the  sugar 
content  of  the  urine  under  examination. 

Calculation. — Ten  c.c.  of  Fehling's  solution  is  completely  reduced  by 
0.05  gram  of  dextrose.^  If  y  represents  the  number  of  cubic  centimeters  of 
undiluted  urine  (obtained  by  dividing  the  burette  reading  by  10)  necessary 
to  reduce  the  10  c.c.  of  Fehling's  solution,  wc  have  the  foUowingproportion. 

y  :o.o5  :  ;ioo:a:  (percentage  of  dextrose). 

2.  Benedict's  Method  No.  i. — To  30  c.c.  of  Benedict's  solution*  in 

a  small  beaker  add  from  2.5  grams  to  5  grams  of  anhydrous  sodium  car- 

'  The  bt  arch -iodide  solution  may  be  pri'parcd  as  follows:  Mix  o.i  gram  of  starch  with 
cvid  waliT  in  a  mortar  and  pour  Ihe  suspended  starch  Rranules  into  75-100  c.c.  of  boiling 
water,  stirring  continuously.  Cool  the  starch  paste,  add  20-15  Rrams  of  potassium  iodide 
and  dilute  Hk  mixture  to  250  c.c.  This  solution  deteriorates  upon  standjni;,  and  therefore 
must  be  freshly  prepared  as  needed. 

•The  values  for  ciTlain  other  sugars  are  as  follows: 

Lai'lose 0.0676  gram. 

Maltose 0.074   eta.iD. 

Invert  sugar 0.0475  gram. 

*  llencdii't's  solution  used  in  the  cfuanlitative  determination  of  sugar  consists  of  Ihrtt 
separate  sdutions.     The  copper  sulphale  satiUion  and  the  altalitie  toftrate  salulioi 
■ -"-   --    ' '--  lescrilMrd  ' ' ^.l  i..._.j:_.. ,-._.-.._ _ 


s  those  already  descrilMrd  in  connection  with  Benedict's  qualitative 
The  third  solution  is  made  up  as  follows: 

Potassium  ferro-thioeyanate  solHliou  =  i$  grams  of  potassium  ferrocyanide,  6i.j  gram! 
of  p(>tas<jum  tliioryanatc  and  50  grams  of  anhydrous  sodium  carbonate  dissolved  in  water 
and  maile  up  to  500  c.c. 

These  llirce  solutions  should  be  preserved  separately  in  rubber-stoppered  bottles  and 
mixed  in  equal  volumes  when  needed  for  use.    This  b  done  to  prevent  deterioration. 
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salt)  are  added,  together  with  a  small  quantity  of  powdered  pumice  stone 
or  talcum,  and  the  mixture  heated  to  boiling  over  a  free  flame  until  the 
carbonate  has  entirely  dissolved.  The  diluted  urine  is  now  run  in  from 
the  burette,  rather  rapidly  until  a  chalk-white  precipitate  forms,  and  the 
blue  color  of  the  mixture  begins  to  lessen  perceptibly,  after  which  the 
solution  from  the  burette  must  be  run  in  a  few  drops  at  a  time,  until  the 
disappearance  of  the  last  trace  of  blue  color,  which  marks  the  end-point. 
The  solution  must  be  kept  vigorously  boiling  throughout  the  entire 
titration.  If  the  mixture  becomes  too  concentrated  during  the  process, 
water  may  be  added  from  time  to  time  to  replace  the  volume  lost  by 
evaporation.  The  calculation  of  the  percentage  of  sugar  in  the  original 
sample  of  urine  is  very  simple.  The  25  c.c.  of  copper  solution  are 
reduced  by  exactly  50  mg.  of  glucose.  Therefore  the  volume  run  out,  of 
the  burette  to  effect  the  reduction  contained  50  mg.  of  the  sugar.  When 
the  urine  is  diluted  i :  10,  as  in  the  usual  titration  of  diabetic  urines,  the 
formula  for  calculating  the  per  cent  of  the  sugar  is  the  following: 

y"  Xiooo  =  per  cent  in  original  sample,  wherein  X  is  the  number 
of  cubic  centimeters  of  the  diluted  urine  required  to  reduce,  25  c.c. 
of  the  copper  solution."  ■  *. 

"  In  the  use  of  this  method  chloroform  must  not  be  present  during  the 
titration.  If  used  as  a  preservative  in  the  urine  it  may  be  removefl  by 
boiling  a  sample  tor  a  few  minutes,  and  then  diluting  to  its  original 
volume." 

"Like  the  reagent  for  qualitative  employment,  the  one  for  quantitative 
work  will  keep  indefinitely  after  its  preparation.  As  regards  the  accuracy 
of  the  method,  it  may  be  stated  that  repeated  determinations,  and  com- 
parisons with  results  by  the  polariscope  and  by  Allihn's  gravimetric 
process  have  shown  the  method  to  be  probably  more  exact  than  any  other 
titration  method  available  for  sugar  work." 

3.  Purdy's  Method. — Purdy's  solution'  is  a  modification  of  Fehliog's 
solution  and  is  said  to  possess  greater  stability  than  the  latter.  One  of 
the  most  satisfactory  points  about  tiie  method  as  suggested  by  Purdy  is 
the  ease  with  which  the  exact  end-reaction  may  be  determined.  In 
determining  the  percentage  of  dextrose  by  this  method  proceed  as  follows: 

■  Purdy's  solution  has  the  following  compositioii: 

Copper  sulphate 4. 753  grains. 

Potassium  nydroride J3 . 5      grams. 

Ammonia  (U.  S.  P.,  sp.  gr.  0.9) 350.0      c.c. 

Glycerol 38.0     c.c. 

Distilled  water,  to  make  total  volume  i  liter. 
In  preparing  the  solution  bring  the  copper  sulphate  and  potaa^um  hydroxide  into  solution 
in  separate-vessels,  mix  the  two  solutions,  cool  the  mixture,  and  add  tlie  ammonia  and  gly- 
cerol. After  thiehas  been  done  theLotalvolumcshouIdbemadeup  to  I  liter  withdistlllcd  water. 
Thirty-five  cubic  centimeters  of  Purdy's  solution  is  exactly  reduced  by  0.03  gram  ot 
dextrose. 
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FUce  35  c.c.  of  Furdy's  solution  in  a  200  c.c.  Erlenmeyer  tlask  and  dilute 
the  fluid  with  approximately  two  volumes  of  distilled  water.  Fit  a  cork, 
provided  v.'ith  two  perforations,  to  the  neck  of  the  flask  and  through  one 
perforation  introduce  the  tipof  aburette and  through  thesecondperforatioD 
introduce  a  tube  bent  at  right  angles  in  sucha  manner  as  to  allow  the  steam 
to  escape  and  keep  the  fumes  of  ammonia  away  from  the  face  of  the  <^>er- 
ator  as  cximpletely  as  pxissible.'  Xow  bring  the  solution  to  the  boiling- 
point  and  add  the  urine,  drop  by  drop,  until  the  intensity  of  the  blue  color 
begins  to  diminish.  When  this  point  is  reached  add  the  urine  somewhat 
more  slowly  until  the  blue  color  is  entirely  dissipated  and  an  absolutdy 
decolorized  solution  remains.  Take  the  burette  reading  and  calculate 
the  percentage  of  dextrose  in  the  urine  examined  according  to  the  method 
given  below. 

Care  should  be  taken  not  to  boil  the  solution  for  too  long  a  period, 
since,  under  these  conditions,  sufficient  ammonia  might  be  lost  to  allow 
the  cuprous  hydroxide  to  precipitate. 

Some  investigators  consider  it  to  be  advisable  to  dilute  the  urine 
before  applj-ing  the  above  manipulation,  but  ordinarily  this  is  not  neces- 
sary unless  the  urine  has  a  high  content  of  dextrose  (5  per  cent  or  over). 
In  this  event  the  urine  may  be  diluted  with  2-3  volumes  of  water  and 
the  proper  correction  made  in  the  calculation.     - 

Cn/c«/fl(wn.— Thirty-five  c.c.  of  Purdy'ssolution  are  completely  reduced 
by  o.oz  gram  of  dextrose.  If  y  represents  the  number  of  cubic  centimeters 
of  undiluted  urine  necessary  to  reduce  35  c.c.  of  Furdy's  solution,  we 
have  the  following  proportion: 

y  :o.c2  : :  100  .x  ("percentage  of  de.vtrose). 

4.  Fermentation  Method. — This  method  consists  in  the  measure- 
ment of  the  volume  of  carbon  dioxide  evolved  when  the  dextrose  of  the 
urine  undergoes  fermentation  with  yeast.  None  of  the  various  methods 
whose  manipulation  is  based  upon  this  principle  is  absolutely  accurate. 
The  method  in  which  Einhorn's  saccharometer  (Fig.  3,  page  36)  is  the 
apparatus  employed  is  perhaps  as  satisfactory  as  any  for  clinical  pur- 
poses. The  procedure  is  as  follows:  Flace  about  15  c.c.  of  urine  in  a 
mortar,  add  about  i  gram  of  yeast  (1/16  of  the  ordinary  cake  of  com- 
pressed yeast)  and  carefully  crush  the  latter  by  means  of  a  pestle.  Trans- 
fer the  mixture  to  the  saccharometer,  being  careful  to  note  that  the 
graduated  tube  is  completely  filled  and  that  no  air  bubbles  gather  at  the 

'  This  side  Lube  may  also  be  equipped  with  a  simple  air-valve,  thus  insuring  the  exclusion 
of  air  and  thereby  contributing  to  the  accuracy  of  the  determination,  inasmuch  as  the  cuprous 
salts  vi'uuld  be  rcoxidized  upon  romini;  in  contact  with  the  air.  11  une  is  careful  to  mauitaiii 
the  solution  continuously  at  the  boiling-point  throughout  the  entire  process,  however,  there 
is  no  opportunity  for  air  to  enter  and  therefore  do  need  of  an  air-valve. 
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top.  Allow  the  apparatus  to  stand  in  a  warm  place  (30°  C.)  for  12  hours 
and  observe  the  percentage  of  dextrose  as  indicated  by  the  graduated 
scale  of  the  instrument.  Both  the  percentage  of  dextrose  and  the  number 
of  cubic  centimeters  of  carbon  dioxide  are  indicated  by  the  graduations 
on  the  side  of  the  saccharometer  tube. 

The  availability  of  the  fermentation  procedure  as  a  quantitative  aid 
has  been  appreciably  lowered  through  the  important  findings  of  Neuberg 
and  Associates'  recently  repwrted.  They  show  that  yeast  has  the  prop- 
erty of  splitting  off  carbon  dioxide  from  the  carhoxyl  group  of  amino  and 
other  aliphatic  acids.  The  active  agent  in  this  "  sugar-free  fermentation  " 
is  an  enzyme  called  carboxylase.  Inasmuch  as  amino  acids  are  always 
present  in  the  urine,  the  error  from  this  source  is  apparent. 

5.  Polariscopic  EzaminatioiL-^Before  subjecting  urine  to  a  polari- 
scopic  examination  the  slightly  acid  fluid  should  be  decolorized  as 
thoroughly  as  possible  by  the  addition  of  a  little  lead  acetate.  The 
urine  should  be  well  stirred  and  then  filtered  through  a  filter  paper  which 
has  not  been  previously  moistened.  In  this  way  a  perfectly  dear  and 
almost  colorless  liquid  is  obtained. 

In  determining  dextrose  by  means  of  the  polariscope  it  should  be 
borne  in  mind  that  this  carbohydrate  is  often  accompanied  by  other 
optically  active  substances,  such  as  proteins,  laivulose,  /3-oxybutyric 
acid,  and  conjugate  glycuronates  which  may  introduce  an  error  into 
the  polariscopic  reading;  the  method  is,  however,  suflBdently  accurate 
for  practical  purposes. 

For  directions  as  to  the  manipulaUon  of  the  polariscope  see  page  36. 

m.  Uric  Acid. 

I.  Folin-ShafFer  Method. — Introduce  100  c.c.^  of.  urine  into  an 
Erlenmcyer  flask,  add  25  c.c.  of  the  Folin-Shaffer  reagent'  and  after 
shaking  the  flask  to  thoroughly  mix  the  fluids  allow  the  mixture  to 
stand,*  with  or  without  further  stirring,  until  the  precipitate  has  settled 
(5-10  minutes).  Filter,  transfer  100  c.c.  of  the  filtrate  to  a  200  c.c. 
Erlenmeyer  flask,  add  5  c.c.  of  concentrated  ammonium  hydroxide 
and  allow  the  mixture  to  stand  for  24  hours.  Transfer  the  precipitated 
ammonium  urate  quantitatively  to  a  filter  paper,*  using  10  per  cent 


Ihan  i.o;o. 

'  I'he  Fulin-ShalTer  KaRcnt  cnnsi^l^  of  500  ^fixn^  oC  ammonium  sulphate,  5  grams  of 
uranium  acetate  and  Oo  c.c,  of  10  pet  cent  acetic  add  in  650  c.c,  of  distilled  water. 

*  The  mijiture  should  not  be  allowed  to  stand  (or  too  long  a  time  at  this  pcint,  since  uric 
add  may  be  lost  throuKh  precipitation. 

'  The  Schleicher  and  SchUll  hardened  papers  or  the  Baker  and  Adamson  aitshed,  asUess 
variety  are  very  satisfactory  for  this  purpose. 
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ammoniuni  salphatc  to  remove  the  final  traces  of  the  mate  from  the 
flask.  Wash  the  [ffedpitate  appreximaidy  free  from  chlorides  by 
means  of  lo  per  cent  ammonium  sofi^iate  sdution,*  remove  the  paper 
twm  the  funnel,  <9)en  it,  and  by  means  of  ket  water  rinse  the  pndpitMie 
back  through  the  funnd  into  the  flask  in  which  the  urate  was  cxi^uaOy 
precipitated.  The  volume  <tf  ffnid  at  this  point  should  be  about  loo  cc 
Cool  the  solution  to  room  taiq>erature,  add  15  cc.  of  omcentrated 
sulplmric  add  and  titrate  at  once  with  X/30  potassium  pennanganate, 
KsMnjOi,  solution.  The  first  tinge  of  {unk  color  which  extends  through- 
out the  fluid  after  the  addition  of  two  drops  of  the  permanganate  solution, 
while  stirring  with  a  ^ass  rod,  should  be  taken  as  the  end-reaction. 
Take  the  burette  reading  and  conqMite  the  pocoitage  of  uric  add  present 
in  the  urine  under  examination. 

CaUuhlion. — Each  cubic  centimeter  of  N/20  potassium  permanga- 
nate solution  is  equivalent  to  3.75  milligrams  (0.00375  gram)  of  uric 
acid.  The  100  cc.  from  which  the  ammonium  tuate  was  precipitated 
is  equivalent  to  only  four-fifths  of  the  100  cc  of  mine  originally  taken, 
therefore  we  must  take  five-fourths  of  the  burette  reading  in  order  to 
ascertain  the  number  of  cubic  centimeters  of  the  permanganate  solution 
required  to  titrate  100  cc  of  the  original  urine  to  the  correct  end-p<Hnt. 
If  y  represents  the  number  of  cubic  centimet^^  of  the  p^manganate 
solution  required,  we  may  make  the  following  calculation: 

y  X  0.00375  ~  weight  of  uric  add  in  100  cc.  of  urine. 

Because  of  the  solubility  of  the  ammonium  urate  a  correction  of  3 
milligrams  should  be  added  to  the  final  result. 

Calculate  the  quantity  of  uric  add  in  the  twen^-four-hour  urine 
specimen. 

2.  Helntz  Method. — This  is  a  very  simple  method  and  was  the 
first  one  in  general  use  for  the  quimtitativc  determination  of  uric  add. 
It  is  believed  to  be  somewhat  less  accurate  than  the  method  just  described. 
The  procedure  is  as  follows:  Place  100  cc.  of  filtered  iirine  in  a  beaker, 
add  5  cc.  of  concentrated  hydrochloric  acid,  stir  the  fluid  thoroughly, 
and  stand  it  away  in  a  cool  place  for  24  hours.  Filter  off  the  uric  add 
crystals  upon  a  washed,  dried  and  weighed  filter  paper  and  wash  them 
with  cold  distilled  water,  a  few  cubic  centimeters  at  a  time,  until  the 
chlorides  are  removed.  Now  wash,  in  turn,  with  alcohol  and  with 
ether  and  finally  dry  the  paper  and  crystals  to  constant  weight  at  110°  C, 
In  the  process  of  washing  the  uric  add  free  from  chlorides  an  error  is 
introduced,  since  every  cubic  centimeter  of  water  so  used  dissolves 
0.60004  gram  of  uric  add.'    For  this  reason  a  correction  is  necessary. 

*'I'his  w^iHhinR  may  be  rnnvenicntly  done  by  decantalion  if  desired,  thus  retaining  the 
major  jiortion  c>[  the  |irei'i]>ilate  in  the  Qa^k. 

'  IIiH  and  Paul;  Zril.  pkysiol.  Ckem.,  31,  i,  1900. 
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It  has  been  suggested  that  the  pigment  of  the  crystals  is  equivalent  in 
weight  to  the  amount  of  uric  add  dissolved  by  the  first  30  c.c.  of  water, 
and  this  factor  should  be  taken  into  accoimt  in  the  computation  of  the 
percentage  of  uric  acid. 

Calculation. — Since  100  c.c.  of  urine  was  used  the  corrected  weight 
of  the  uric  add  crystals,  in  grams,  will  express  the  percentage  of  uric  add 
present. 

3.  Kriiger  and  Schmidt's  Method. — This  method  serves  for  the 
detection  of  both  uric  add  and  the  purine  bases.  The  principle  in- 
volved is  the  precipitation  of  bath  the  uric  add  and  the  purine  bases 
in  combination  with  copper  oxide  and  the  subsequent  decomposition 
of  this  predpitate  by  means  of  sodium  sulphide.  The  uric  add  is  then 
predpitated  by  means  of  hydrochloric  add  and  the  purine  bases  are 
separated  from  the  filtrate  in  the  form  of  their  copper  or  silver  com- 
poimds.  The  nitrogen  content  of  the  precipitates  of  uric  add  and  pur- 
ine bases  is  then  determined  by  means  of  the  Kjeldahl  method  (see  p. 
401)  and  the  corresponding  values  for  uric  acid  and  purine  bases  calcu- 
lated. The  method  is  as  follows;  To  400  c.c.  of  albunu'n-free  urine' 
in  a  liter  flask,'  add  24  grams  of  sodium  acetate,  40  c.c.  of  a  solution 
of  sodium  bisulphite'  and  heat  the  mixture  to  boiling.  Add  40-80 
c.c*  of  a  10  per  cent  solution  of  copper  sulphate  and  maintain  the  tem- 
perature of  the  mixture  at  the  boiling-point  for  at  least  three  minutes. 
Filter  off  the  flocculent  precipitate,  wash  it  with  hot  water  until  the 
wash  water  is  colorless,  and  return  the  washed  predpitate  to  the  flask 
by  puncturing  the  tip  of  the  filter  paper  and  washing  the  predpitate 
through  by  means  of  hot  water.  Add  water  until  the  volume  in  the 
flask  is  approximately  200  c.c,  heat  the  mixture  to  boiling,  and  decom- 
pose the  precipitate  of  copper  oxide  by  the  addition  of  30  c.c.  of  sodium 
sulphide  solution.*  After  decomposition  is  complete,  the  mixture  should 
be  addified  with  acetic  add  and  heated  to  boiling  until  the  separating 
sulphur  collects  in  a  mass.  Filter  the  hot  fluid  by  means  of  a  filter  pump, 
wash  with  hot  water,  add  10  c.c,  of  10  per  cent  hydrochloric  add  and 
evaporate  the  filtrate  in  a  porcdain  dish  until  the  total  volume  has  been 
reduced  to  about  ten  cubic  centimeters.    Permit  this  residue  to  stand 


is  present,  the  uriae  should  be  lieated  to  boiliag,  acidi&ed  v. 


>  II  album 
>Dd  filtered. 

*  The  totnl  volume  of  urine  for  the  twenty-four  hours  should  be  sufficicntl>  diluted  with 
water  to  make  the  total  volume  of  the  solulion  t6oa-iooo  c.c. 

*  A  solutioD  containing  50  grams  of  Kahlbaum's  commercial  sodium  bisulphite  in  too 
c.c.  o(  water. 

'  The  exact  amount  depending  upon  the  content  of  the  purine  bases. 

*  This  is  made  by  saturnllng  a  i  per  cent  solution  of  sodium  hydroxide  with  hydrogen 
mlphide  gas  and  adding  an  equal  volume  of  i  per  cent  sodium  hydrowde. 

Ordinarily  the  addition  of  30  c.c,  of  this  solution  is  sufficient,  but  the  pre: 
ol  sulphide  should  be  proven  by  adding  a  drop  of  lead  acetate  to  a  drop  olthe  solution.  Under 
these  conditions  a  dork  brown  color  will  show  the  presence  of  an  excess  of  sudiuni  sulphide. 


i  z~£  ^r^  jn^i.  jesviog  the 

ii^  ihfi  ^c  ici'i.  *i^  wiiiT  =^ufe  aod  with 
.jtil  ••"J.-.znLi  :;  :he  ;tisrral  flmit  and  ihe  va^ 


sinal:  :.l'jeT  paj^r.  az.c  i 

wl-phurf'!  iidd.  -ir.'l.  the  Vjtil  v-:,-!-.::: 

water  aj5:n''^us  ^5  c  c.     Deterr-.i-y  ihe  :i:roc«:  ccDUct  oc  tat  pcecqii- 

tatt  by  iTifcar;  or  :he  K;elo.M  Ertfcoc  ^eep  js:    ace  calculate  the  uiic 

atid  fti^ir/aler.:. 

C-jkui-iiion. — Is  ca^culatins  the  uric  ao-i  value  irsts.  the  tola!  nitrogen 
simply  miiitipiy  the  latter  by  .'ct«  ace  aid  C-OC35  to  the  product  as  a 
correction  for  the  uric  add  remainlc^  ic  fclutioii  in  the  75  c.c. 

IV.  JJnm. 

I.  Knop-Hfi&ier  HnxJlKcnnte  Mediod    nsnag  Mnsbalh  Urea 

ApfHratlis. — Place  the  thmcb  over  the  dde  opesins  01  the  bulbed- 
tube  01  the  apparatus  Fig.  1^5'  and  care- 
fully dll  the  tube  with  fodium  h\'pobroiiute 
solution.'  Close  the  <^)ening  in  the  end  of 
the  tube  with  a  rubber  stepper.  incIiDe  the 
tube  to  allow  air-bubbles  to  escape,  and 
nnally  invert  the  tube  and  bx  the  sto|^>eied 
end  in  the  saucer-shaped  vessel.  By  means 
of  the  graduated  ]Hpette  rapidly  introduce 
I  c.c.  of  urine*  into  the  h\'pobroimte  sec- 
tion through  the  side  opraing  of  the  bulbed- 
tube.  Withdraw  the  pipette  immediately 
after  the  mine  has  been  introduced.  When 
the  decomposition  of  the  urea  is  completed 
(10-20  minutes)  gently  tap  the  bulbed-tube 
nith  the  bnger  in  order  to  dislodge  any  gas 
bubbles  which  may  have  collected  on  the 
inner  suriacc  of  the  glass.  The  atmospheric 
pressure  should  now  be  equalized  by  attach- 
ing the  funnel-tube  to  the  bulbed-tube  at  the 
side  opening  and  introducing  h\'pobromite 


7 


a,  Bu1lji:il  measuring  Cube:  i 
Mur:er-^ha|M-i|  vessel;  c,  graduated 
)ri|>Ml>:-  d,  (iinnel-tuU. 


solution  into  it  until  the  columns  of  liquid  in 

'  Th(!  initrfi'licnls  of  the  aorfium  hipohriimile  ^nlulion  should  be  prepared  in  the  form 
of  (am  H:|iarati:  ■wilutiim'i.  When  needed  lor  use  mix  one  volume  of  solution  a.  one  volume 
of  wiliili'in  b,  and  .;  viilumes  <i{  water. 

(a)  Ilkvilve  r)5  granu  of  sodium  bromide  in  nater.  add  1:5  grams  of  bromine  and 
nukt!  thi:  total  volume  lA  the  solution  i  liter. 

ib}  A  Mihiti'in  of  sodium  hydroxiile  havint;  a  specific  granty  of  1.253.  This  b  approxi- 
malHy  a  21.5  per  tent  solution. 

[•ri-«Tvi-  both  wilution*  in  rubber -stoppered  bottles. 

•  Ordinarily  i  c.c.  of  urine  is  sulTicient;  more  may  be  used,  however,  if  its  content  of 
urea  is  very  lo-m. 
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the  two  tubes  are  uniform  in  height.  The  graduated  scale  of  the  bulbed- 
tube  should  now  be  read  in  order  to  determine  the  number  of  cubic 
centimeters  of  nitrogen  gas  evolved.  By  means  of  the  appended  formula 
the  weight  of  the  urea  present  in  the  urine  under  examination  may  be 
computed. 

Calculation.^ — By  properly  substituting  in  the  following  formula 
the  weight  of  urea,  in  grams,  contained  in  the  Volume  of  urine  decom- 
posed (i  C.C.  or  more)  may  readily  be  determined: 

v{p-1) 
354.5X760(1+0.0036650 
«i=weightof  urea,  in  grams. 

r=observed  volume  of  nitrogen  expressed  in  cubic  centimeters. 
^  =  barometric  pressure  expressed  in  mm.  of  mercury. 
T  =  tension  of  aqueous  vapor*  for  temperature  /. 
(  =  temperature  (centigrade). 

If  we  wish  to  calculate  the  percentage  of  urea  we  may  do  so  by  means  of 
the  following  proportion  in  which  y  represents  the  volume  of  urine  used 
and  w  denotes  the  weight  of  the  urea  contained  in  the  volume  y: 

y  :w  :  ix  \  {percentage  of  urea). 

Sodium  hypobromite  solution  may  also  be  employed  for  the  deter- 
mination of  urea  in  the  apparatus  devised  by  HUfner  which  is  pictured  in 
Fig.  124,  page  394. 

2.  Knop-HUfner  Hypobromite  Method  (Ushig  the  I}<a%inti8- 
Snds  Ureometer.) — In'  common  with  the  method  already  described, 
this  method  depends  upon  the  measurement  of  the  volume  of  nitrogen 
gas  liberated  when  theureaof  the  urine  is  decomposed  by  means  of  sodium 
hypobromite  solution.  The  Doremus-Hinds  ureometer  (Fig.  125,  p. 
395).  is  one  of  the  simplest  and  cheapest  forms  of  apparatus  in  general  use 
for  the  determination  of  urea  by  the  hypobronute  process.  In  using  this 
apparatus  proceed  as  follows:  Fill  the  side  tube  E  and  the  lumen  of  the 
stopcock  C  with  the  urine  under  examination.  Carefully  wash  out  tube 
A  with  water  and  introduce  into  it  sodium  hypobromite  solution,'  being 

'  o.ooj6ti5  =cncffidctitnf  expansion  of  gases  for  x"  C  354.5  •numberofc.c.  of  nitrogen 
gas  evolved  from  1  gram  of  urea. 

'  The  values  of  '1'  for  ihc  temperatures  ordinarily  met  with  are  given  in  the  following 
table; 

Temp.  Tension  in  mm.  Temp,  Tensbn  in  mm. 

\S°  <: 12.677  ""C '8.50s 

">°C I3.S<9  '«    C 19-675 

17°  C 14.CC0  23   C JO. 909 

irc i5.,?si         u°c 12. 211 

lo't- 1^-345  'J-C 33.581 

so"  <•■'■ 17. ao^ 

'  I-'or  ilirfctions  as  to  the  preparation  of  this  solution  see  page  392, 
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careful  to  fill  the  bulb  sufficiently  fall  to  prevent  the  entrance  of  air  into 
the  graduated  portion.  Now  allow  i  c.c.  of  urine*  to  flow  from  tubeB  into 
tube  A  and  after  the  evolution  of  ^s  bubbles  has  ceased  (10-20  minutes) 
take  the  reading  of  tlie  graduated  scale  on  tube  A. 

In  common  with  all  other  methods  which  are  based  upon  the  decom- 
portion  of  urea  by  means  of  hypobro- 
mite  solution,  this  method  is  not  abso- 
lutely correct  It  is,  however,  suffi- 
ciently accurate  for  ordinary  clinical 
purposes. 

Circulation. — Observe  the  reading 
on  the  graduated  scale  of  tube  A.  This 
tube  is  so  graduated  as  to  represent  the 
weight  of  urea,  in  grams,  per  cubic 
centimeter  of  urine.  If  we  wish  to  com- 
pute the  percentage  of  urea  present  this 
may  be  done  very  readily  by  simply 
moving  the  decimal  point  two  places  to 
the  tight;  e.  g.,  if  the  reading  is  0.02 
gram  the  urine  contains  2  per  cent  of 
urea.  A  1 30. 

3.  Folin's  Method. — This  is  one  of 
the  most  accurate  methods  yet  devised 
for  the  >determination  of  urea  in  the 
urine.  It  has,  however,  been  replaced 
to  a  great  extent  by  the  very  recent 
modification  of  Folin  and  Fettibone  (see 
p.  397).  The  procedure  is  as  follows: 
Place  5  c.c.  of  urine  in  a  200  c.c.  Erlen- 
fe  meyer  flask  and  add  to  it  5  c.c.  of  con- 
centrated hydrochloric  add,  20  grams  of 
Fic.  i»4.-HerNr^7uII7Ai^*Ti,s  crystallized  magnesium  chloride,  a  piece 
of  paraffin  the  size  of  a  hazel  nut,  and 
2-3  drops  of  a  I  per  cent  aqueous  solution  of  "alizarin  red."  Insert  a 
Folin  safety  tube  (Fig.  126,  p,  396)  into  the  neck  of  the  flask  and  boil  the 
mixture  until  each  drop  of  reflow  from  the  safety  tube  produces  a  very 
perceptible  bump;  the  heat  is  then  reduced  somewhat  and  continued  one 
and  one-half  hours.  The  contents  of  the  flask  must  not  remain  alkaline, 
and  to  obviate  this,  at  the  first  appearance  of  a  reddish  tinge  in  the  con- 
tents of  the  flask  a  few  drops  of  the  add  distillate  are  shaken  back  into 

'  If  the  conlcnt  of  urea  in  the  urine  uj 
with  walcr  before  rfctPrmininK  the  urea, 
sidcration  in  computing  ihe  content  of  t; 
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the  flask.  At  the  end  of  i  1/2  hours  the  contents  of  the  vessel  are 
transferred  to  a  i-Iiter  flask  with  about  700  c.c.  of  distilled  water,  about 
20  c.c.  of  10  per  cent  potassium  hydroxide  or  sodium  hydroxide  solu- 
tion is  added  and  the  mixture  distilled  into  a  known  volume  of  N/io 
sulphuric  acid  until  the  contents  of  the  flask  are  nearly  dry  or  until  the 
distillate  fails  to  give  an  alkaline  reaction  to  litmus,  showing  the  absence 
of  ammonia.  The  time  devoted  to  this 
process  is  ordinarily  about  an  hour.  Boil 
the  distillate  a  few  moments  to  free  it  from 
COi,  then  cool  and  titrate  the  mixture  with 
N/io  sodium  hydroxide,  using  "alizarin 
red  "as  indicator. 

A  "check"  experiment  should  always 
be  made  to  determine  the  original  am- 
monia content  of  the  urine  and  of  the 
magnesium  chloride,  if  it  is  not  absolutely 
pure,  which  of  course  should  be  subtracted 
from  the  total  amount  of  ammonia  as  deter- 
mined by  the  above  process. 

The  Folin  method  is  extremely  ac( 
rate  under  all  conditions  except  when  the 
urine  contains  sugar.  When  this  is  the 
case  the  carbohydrate  and  the  lu-ea  unite, 
upon  being  heated,  and  fonn  a  very  stable 
combination.  For  this  reason  the  Folin 
method  is  not  suitable  for  use  in  the  exam- 
ination of  such  urines.  Under  such  condi- 
tions the  combination  Morner-Sj6q\ist- 
Folin  method  which  is  given  below  or  the 
method  of  Folin  and  Denis  (p.  398)  may 
be  used. 

4.  Mijmer-Sjiiqvist-Folin  Method. — As  has  already  been  stated  in 
the  last  experiment,  this  method  excels  the  Folin  method  in  accuracy  only 
in  the  determination  of  urea  in  the  presence  of  carbohydrate  bodies. 
Briefly,  the  procedure  is  as  follows:'  Bring  the  major  portion  of  1.5  gram 
of  powdered  barium  hydroxide  into  solution  in  5  c,c.  of  urine  in  a  small 
flask,  and  treat  the  mixture  with  100  c.c.  of  an  alcohol-ether  solution, 
consisting  of  two  volumes  of  97  per  cent  alcohol  and  one  volume  of  ether. 
Stopper  the  flask  and  allow  it  to  stand  12-24  hours.  Filter  off  the  pre- 
cipitate, wash  it  with  the  alcohol-ether  mixture  and  remove  the  alcohol 

article  by  M8rner:  Skan- 
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t// 'I.'  ^'.'-.z .'.r. ',:  ; ■  io '.  c.  of  ic  per  cer.t  KOH  or  ^5  c.c.  15  percent 
}ino'  ■'»„  ;;t,-;  'li  .*;;i':';  »-.  usual  in  the  KjeldahJ  method  page  401).  The 
•/»ht'-  or/siri'-'l  .'.-.j-.t  f„;  (.orrected  for  ammonia.  « 


>  [er.df.  CO  cau^  slight  fnith- 
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Welker'  has  suggested  an  electrical  bath  for  use  in  the  first  part  of  this 
method. 

6.  Method  of  Folio  and  Pettibone,  No.  i.* — By  means  of  an  Ostwald 
pipette  (see  page  403)  introduce  i  c,c.  of  urine  into  a  Jena  test-tube 
(20-25  mm.  by  200  mm).  Add  three  good-sized  drops  of  pure  phos- 
phoric acid,  one  drop  of  indicator  (alizarin)  and  a  few  grains  of  talcum 
powder  and  concentrate  the  mixture  to  one-half  its  volume  by  boiling 
over  a  free  flame  for  2-3  minutes.  At  the  end  of  this  time  heat  the  test- 
tube  in  a  bath  of  sulphuric  add,  oil,  or  paraffin,  for  fifteen  minutes  at 
a  temperature  of  175-180°  C*  By  this  means  the  urea  is  decomposed 
with  the  formation  of  ammonium  phosphate.  Dissolve  the  contents  of 
the  tube  in  water  (i-j  c.c.)  with  the  aid  of  heat,  make  alkaline  with 
potassium  hydroxide*  (0.5-1  c.c.  of  a  50  per  cent  solution)  and  remove 
the  liberated  ammonia  by  means  of  a  strong  air  current  (see  page  404). 
This  process  requires  approximately  ten  minutes.  The  ammonia  may 
be  collected  in  25  c.c.  of  iV/50  hydrochloric  acid  and  the  excess  add 
titrated  with  N/ioo  sodium  hydroxide  using  alizarin  as  indicator. 

In  calculating  the  urea  value  a  correction  must  be  made  for  the 
anmionia  content  of  the  urine. 

With  the  bath  previously  heated  to  the  proper  temperature  the  above 
method  may  be  completed  in  about  one-half  hour. 

7.  Method  of  Folin  and  Pettiboae,  No  2.* — Dilute  the  urine  so 
that  1  c.c.  contains  0.75-1.5  mg.  of  urea  nitrogen.  Generally  dilutions 
of  1 :  20  or  1 :  10,  depending  on  the  concentration,  are  satisfactory.  By 
means  of  an  Ostwald  pipette  (see  page  403)  introduce  1  c.c.  of  the 
diluted  urine  into  a  large  dry  Jena  test-tube  (20-25  inm.  by  200  mm.) 
which  already  contains  7  grams  of  dry  ammonia-free  potassiimi  acetate* 
{free  from  lumps),  i  c.c.  of  50  per  cent  acetic  acid,  a  small  sand  pebble 
or  a  little  powdered  zinc  (not  zinc  dust)  to  prevent  bumping  during  boil- 
ing, and  a  temperatmre  indicator.^ 

'  Wclker;  Biochemical  Btilldin,  t,  430,  1913, 

*F(ilin  and  Pettibone:  Jour.  Bid.  Ckem.,  11,  512,  i(>i2. 

'Tho  bath  should  be  at  this  temperature  when  the  tubes  are  introduced.  Welker's 
electric  bath  may  he  used  in  this  connection.     (See  Jihclwmical  BiiUelin,  i.  430,  lois.) 

'Pntasaaum  hydroxide  ia  preferred  to  sodium  hydroxide  because  of  the  greater  solubiUty 
'   of  pota.t!>ium  phosphate. 

•Folin  and  Pettibone;  Jour.  Biol.  Chem..  11,  513,  1913, 

'A  satisfactory  iireporation  containinc  less  than  i  per  cent  of  moisture  and  free  from 
ammonia  may  be  obtained  from  J.  T.  i-laker  Chemical  Co.,  Philli|>sburg.  N.  J. 

'  "This  tcm|ierature  indicator  consists  of  powdered  chloride- iodide  of  mercury  (HglCI) 
inclosed  in  ascaled  glass  bulb  not  over  1  mm.  in  diameter.  This  salt  is  bright  red  at  ordinary 
temperatures.  .\t  i  li"  (.'.  it  turns  yellow  and  melts  10  a  clear  dark  red  liquid  at  155°  C. 
It  soli<Ufies  agun  at  about  148°  (1.  and  resumes  its  red  color  gradually  only  in  the  course  of 
•bout  twenty-four  hl)u^^:.  The  melting-point  temperature,  153°  C,  is  fortunately  a  temper- 
ature very  readily  obtained  and  maintained  by  means  of  potassi  um  acetate  and  as  the  ace- 
tate begins  to  cabe  and  !.olLdify  at  160-161°  C,  there  is  no  danger  in  this  combination  of 
having  either  too  high  nr  loo  low  a  temperature  without  its  being  unmistakably  apparent. 

The  HglCl  may  be  prepared  by  heating,  in  a  dry  state,  intimately  mixed  mercuric  chlo- 
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Close  the  test-tube  by  means  of  a  rubber  stopper  carrying  an  empty 
narrow  "calcium  chloride  tube"  (1.5  cm.  by  25  cm.,  without  bulb)  as  a 
condenser.  Suspend  the  test-tube  and  condenser  above  a  micro-burner 
(see  page  403)  by  means  of  a  burette  clamp  or  some  similar  device  in  such 
a  way  that  they  may  be  easily  raised  or  lowered.  Heat  gently,  using  a 
bottomless  beaker  or  some  similar  device  as  a  wind  shield  if  needed.  The 
acetate  will  soon  dissolve  (two  minutes)  and  the  mixture  begin  to  boil. 
At  this  point  the  indicator  begins  to  melt  showing  that  the  desired  tem- 
perature (153-160°  C.)  has  been  reached.  Continue  the  boiling  in  a 
gentle,  even  manner  for  ten  minutes  at  the  end  of  which  time  the  decom- 
position of  the  urea  is  complete.  Remove  the  apparatus  from  the  flame 
and  dilute  the  contents  with  5  c.c.  of  water.*  Add  an  excess  of  alkali 
(2  c.c.  of  a  saturated  solution  of  sodium  hydroxide  or  potassium  carbonate) 
and  remove  the  liberated  ammonia  by  means  of  a  strong  air  current  (see 
page  404).  The  ammonia  may  be  caught  in  a  100  c.c.  volumetric  flask 
which  contains  about  35  c.c.  of  ammonia-free  water  and  2  c.c.  of  N/io 
add.  With  a  strong  air  current  this  process  requires  only  about  ten 
minutes.  Determine  the  ammonia  colorimetrically  against  i  mg.  of 
nitrogen  in  the  form  of  ammonium  sulphate.  For  the  colorimetric 
procedure  see  the  total  m'trogen  determination,  page  402. 

8.  Method  of  Folin  and  Denis.* — Sugar  interferes  with  the  decompo- 
sition of  urea.  This  was  formerly  believed  to  be  due  to  the  formation  of 
nitrogenous  "  melanins,"*  but  is  more  probably  due  to  the  formation  of 
definite,  stable  ureids.*  This  difficulty  may  be  overcome  by  proper  dilu- 
tion of  the  urine  thus  preventing  the  formation  of  the  ureids.  Because 
of  this  great  dilution,  the  usual  titration  procedures  are  inapplicable  and 
the  following  colorimetric  procedure  is  suggested: 

Dilute  I  c.c.  of  the  urine  with  ao  to  100  volumes  of  ammonia-free 
water  and  decompose  i  c.c.  of  this  dilute  urine  with  potassium  acetate 
and  acetic  acid  as  described  imder  the  method  of  Fblin  and  Pettibone, 
No.  2,  on  page  397. 

By  means  of  an  air  current  remove  the  ammonia  to  a  second  test-ti^ 
which  contains  about  2  c.c.  of  water  and  0.5  c.c.  of  JV/io  hydrochloric 
add.  Add  to  the  contents  of  this  tube  about  2  c.c.  of  water  and  3  c.c.  of 
the  diluted  (i:5)Nessler-Winkler  solution  (page  404).    Wash  this  colored 

ride  and  mercuric  iodide  in  molecular  proporlions  at  150-160°  C.  for  6-8  hours.  At  the  end 
of  the  hcatini;  the  product  should  be  powdered  and  used  as  it  is  for  it  cannot  be  purified  by 
the  use  o[  solvents.  It  should  bekcptdryuntiJ  sealed  up  as  indicated."  These  tempttatiue 
indicators  may  be  obtained  ready  prepared  in  tubes  from  Eimer  i  .■\meiid,  New  York. 

'  This  water  should  be  added  by  means  of  a  pipette  through  the  calcium  chloride  tube  M 
as  to  rinse  the  sides  of  the  tube  and  the  bottom  of  the  rubber  stopper  from  any  poinbl«  trmctt 
of  ammonium  acetate.     Not  more  than  s  c.c.  of  water  should  be  used  for  this  purpoM 

'  Folin  and  Denis:  Jour.  Biol.  Clum.,  ii,  520,  igii. 

*  Memer:  Skiind.  Arch.  Physio!.,  14,  jig. 

'  Folin:  Am.  Jour.  Physiol.,  13,  46,  1905. 
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solution  into  a  lo  c.c,  volumetric  flask  and  dilute  it  to  the  mark  with 
anunonia-free  water.  Transfer  the  entire  volume  to  a  dry  cylinder  of  a 
Duboscq  colorimeter  and  determine  the  depth  of  color  against  a  standard 
containing  i  mg.  of  nitrogen  per  loo  c.c.  of  solution.  For  the  detaOed 
colorimetric  procedure  see  the  method  for  total  nitrogen,  page  402. 

V.  Ammonia. 

I.  FoUn's  Method. — Place  25  c.c.  of  urine  in  an  aerometer  cylinder, 
30-40  cm.  in  height  (Fig.  127,  below),  add  about  i  gram  of  dry  sodium 
carbonate  and  introduce  some  crude  petroleum  to  prevent  foaming. 
Insert  into  the  neck  of  the  cj'linder  a  rubber  stopper  provided  with  two 


Folin's  .^muonia  Appabaitjs. 

perforations,  into  each  of  which  passes  a  glass  tube,  one  of  which  reaches 
below  the  surface  of  the  liquid.  The  shorter  tube  (10  cm.  in  length) 
is  connected  with  a  calcium  chloride  tube  filled  with  cotton,  and  this  tube 
is  in  turn  joined  to  a  glass  tube  extending  to  the  bottom  of  a  500  c,c.  wide- 
mouthed  flask  which  is  intended  to  absorb  the  ammonia  and  for  this  pur- 
pose should  contain  20  c.c.  of  N/io  sulphuric  add,  200  c.c.  of  ammonia- 
free  distilled  water  and  a  few  drops  of  an  indicator  (alizarin  red  or  congo 
red).  To  insure  the  complete  absorption  of  the  ammonia  the  absorption 
flask  is  provided  with  a  Folin  improved  absorption  tube  (Fig.  128,  p.  4C») 
which  is  very  effective  in  causing  the  air  passing  from  the  cylinder  to 
come  into  intimate  contact  with  the  acid  in  the  absorption  flask.  In 
order  to  exclude  any  error  due  to  the  presence  of  ammonia  in  the  air  a  simi- 
lar absorption  apparatus  to  the  one  just  described  is  attached  to  the  other 
dde  of  the  aerometer  cylinder,  thus  insuring  the  passage  of  ammonia-free 
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air  into  the  cylinder.  With  an  ordinary  filter  pump  and  good  water  pres- 
sure the  last  trace  of  ammonia  should  be  removed  from  the  cylinder  in 
about  one  and  one-half  hours.'  The  number  of  cubic 
centimeters  of  the  N/io  sulphuric  acid  neutralized  by 
the  ammonia  of  the  mine  may  be  determined  by  di- 
rect titration  with  N/io  sodium  hydroxide. 

This  is  one  of  the  most  satisfactory  methods  yet 
de\ised  for  the  determination  of  ammonia.  Steele' 
has  recently  suggested  a  modification  for  use  on 
urines  containing  triple  phosphate  sediments.  In  this 
modification  0.5-1.0  of  NaOH  and  about  15  grains 
of  NaCl  are  substituted  for  the  Xa.CO»  of  the  Folin 
method. 

Calculation. — Subtract  the  number  of  cubic  centi- 
meters of  N/io  sodium  hydroxide  used  in  the  titra- 
tion from  the  number  of  cubic  centimeters  of  N/io 
sulphuric  add  taken.    The  remainder  is  the  number 

of  cubic  centimeters  of  N/io  sulphuric  acid  neutralised 

Fio    1^1— FoLis    ^y  '^'  -^^»  "^  ^*  urine,     i  c.c.  of  X/io  sulphuric 
iMrRin-ED     .\Bsyitp-    add  is  equi\-alent  to  0.0017  gram  of  XHt-     Therefore 
if  V  represents  the  volume  of  urine  used  in  the  deter- 
mination and  v'  the  number  of  cubic  centimeters  of  X/io  sulphuric  add 
neutralized  by  the  .Vffj  of  the  urine,  we  have  following  proportion: 

.v:ioo: :  v'Xo.0017:  x  (percentage  of  XH»  in  the  urine  examined). 

Calculate  the  quantity  of  XHjin  the  twenty-four-hour  urine  sptedmen. 

2.  Method  of  Folin  and  Macanum.^— By  means  of  Os^twald  pipettes 
(page  403^  intrwlucc  1-5  c.c.  of  urine*  into  a  Jena  test-tube  (20-25  *""* 
by  ;oo  nim.^  and  add  to  the  urine  a  few  drops  of  a  solution  containing 
10  per  cent  of  potassium  carbonate  and  1 5  per  cent  of  potassium  oxalate. 
To  prevent  foaming  add  a  few  drops  of  kerosene  or  hea\y,  crude  machine 
oil.  Pass  a  strons  air  current  (see  page  404 '  through  the  mixture  until 
the  ammonia  has  been  entirely  removed.'  Collect  the  ammonia  in  a  100 
c.c.  volumetric  flask  containing  about  ;o  c.c.  of  ammonia-free  water  and 
2  c.c.  of  X   10  acid. 


b«in 


<!  pump  I  "fheck"  mt  should  br  made  nrich  ui 
m  salt  of  kRoam  sirengUi  t.>  detiirTdac  ht-w  Jv-r. j  ; 
f  all  the  ammoaia  from  :5  cc.  of  the  S-ilution. 


>  tvlin  and  XU^-Aa-jRi:  J^w.  Fi.:.  t.  * 
'  Thi"  voluTT.*  i.>;  iirinf  ukon  should  >.i.<nljiD  o.  -5- 1  5  mg.  1: 
aonr.jl  -urir.o*  ;  o.(.  ir".;  ccr.CTiKy  >->M  the  desiird  jcio-.:^;.     1 

ihu*  ixv^uirl-s  dil---.:..':^. 

'  Ofditiarily  1  period  oi  tea  minutes  is  suSdentl,v  long. 
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Nesslerize  as  described  in  the  method  for  total  nitrogen,  page  402,  and 
compare  with  i  mg.  of  nitrogen  obtained  from  a  standard  ammonium 
sulphate  solution  and  similarly  Nesslerized. 

It  has  been  noted  that  a  trace  of  something  capable  of  givipg  a  color 
with  the  Nessler-Winkler  solution  continues  to  come  along  after  all  the 
ammonia  has  been  removed  from  the  urine.  The  nature  of  this  substance 
has  not  yet  been  detennined.  In  actual  determinations,  by  this  method, 
the  influence  of  this  unknown  substance,  because  of  the  small  volume 
of  urine  used,  is  entirely  negligible. 

VI.    Total  Nitrogen. 

I.  Kjeldahl Method.' — The  principle  of  this  method  is  the  conversion 
of  the  various  nitrogenous  bodies  of  the  urine  into  ammonium  sulphate  by 
boiling  with  concentrated  sulphuric  acid,  the  subsequent  decomposition 
of  the  ammonium  sulphate  by  means  of  a  fixed  alkali  (NaOH)  and  the  col- 
lection of  the  liberated  ammonia  in  an  acid  of  known  strength.  Finally, 
this  partly  neutralized  acid  solution  is  titrated  with  an  alkali  of  known 
strength  and  the  nitrogen  content  of  the  urine  under  examination 
computed. 

The  procedure  is  as  follows:  Place  5  c.c.  of  urine  in  a  500  c.c.  long- 
necked  Jena  glass  Kjeldahl  flask,  add  ao  c.c.  of  concentrated  sulphuric 
acid  and  about  0.2  gram  of  copper  sulphate  and  boil  the  mixture  for  some 
time  after  it  is  colorless  (about  one  hour).  Allow  the  flask  to  cool  and 
dilute  the  contents  with  about  200  c.c.  of  ammonia-free  water.  Add  a 
little  more  of  a  concentrated  solution  of  NaOH  than  is  necessary  to  neutral- 
ize the  sulphuric  acid°  and  introduce  into  the  flask  a  little  coarse  pumice 
stone  or  a  few  pieces  of  granulated  zinc,'  to  prevent  bumping,  and  a  small 
piece  of  parafEn  to  lessen  the  tendency  to  froth.  By  means  of  a  safety- 
tube  connect  the  flask  with  a  condenser  so  arranged  that  the  delivery-tube 
passes  into  a  vessel  containing  a  known  volume  {the  volume  used  depend- 
ing upon  the  nitrogen  content  of  the  urine)  of  N/io  sulphuric  acid,  using 
care  that  the  end  of  the  delivery-tube  reaches  beneath  the  surface  of  the 
fluid.*  Mix  the  contents  of  the  distillation  flask  thoroughly  by  shak- 
ing and  distil  the  mixture  until  its  volume  has  diminished  about  one- 
half.     Titrate  the  partly  neutralized  N/io  sulphuric  acid  solution  by 

'  There  arc  numenius  modifications  of  Ihe  oriRinal  Kjeldahl  method;  the  one  described 
here,  however,  has  liivrn  e^icellenl  salisfaclion  and  is  recommended  for  the  determination  of 
the  nitrogen  content  o{  urine. 

■This  concentrated  sitdium  hydroxide  solution  should  be  prepared  in  quantity  aitd 
"check"  lestsmade  to  determine  the  volume  of  the  solution  necessary  to  neutralize  Ihe  vol- 
ume (so  c.c.)  of  concentrated  sulphuric  acid  used. 

•  Powdered  /.inc  may  be  substituted. 

'This  deli  very- tube  sliould  be  of  large  caliber  in  order  to  avoid  the  "sucking  back" 
of  the  fluid. 
a6 
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and  invert  it  several  times  in  order  to  guarantee  thorot^  mixing. 
Transfer  one  cubic  centimeter^  of  the  diluted  urine  to  a  large  (20-15 
mm.  X  200  mm.)  Jena-glass  test-tube.  Add  to  this  i  c.c.  of  coni.-entrated 
sulphuric  add,  i  gram  of  potassium  sulphate,  i  drop  of  5  per  cent  cc^iptf 
sulphate  solution  and  a  small,  clean,  quartz  pebble  or  glass  bead.  (Tlie 
pebble  or  bead  is  added  to  prevent  bumping.)  Boil  the  mixture  over  « 
micro-burner'  for  about  six  minmtes,  i.  e.,  about  two  minutes  after  the 


Fio.  iig.  Fir.  ijo. 

Figs,  iig  &nd  130. — Forms  of  Apparatus  used  in  Methods  of  Folin  and  .\ss0date9  for 
DeteriiiiDaUoiiofTotalNitragen,UreauidAmiiioiiiB.   (From/ifnr.Bt(>J.CArM.,vol.tr,  iqi*.} 

mixture  has  become  colorless.  Allow  to  cool  until  the  digestion  mixture 
begins  to  become  viscous.  This  ordinarily  takes  about  three  minutes, 
but  in  any  event  the  mixture  must  not  be  permitted  to  solidify.  Add  about 
6  c.c.  of  water  (a  few  drops  at  a  time,  at  first,  then  more  rapidly)  to  pre- 
vent soUdification.  To  this  add  solution  add  an  excess  of  sodium 
hydroxide  (3  c.c.  of  a  saturated  solution  is  suffident)  and  aspirate  the 
liberated  ammonia  by  means  of  a  rapid  air  current'  into  a  volumetric 

*  This  measurement  should  be  made  by  me. 
Ostwald-Luther:  Pkyiiko-Chtmiscke  Atninngcn, 
obtained  from  Eimer  and  Amend,  New  York. 

*  A  npe  of  burner  which  has  proven  satisfactory  is  Eimer  and  Amcnd's  No.  ijSj. 

■  Either  a  vacuum  pump  or  compressed  air  or  a  force  pum|>  may  be  used.  The  com* 
pressed  air  method  is  rather  the  more  convenient  inasmuch  as  the  ammonia  may  be  coUectMl 
directly  in  a  volumetric  flask.  Inasmuch  as  the  necks  of  such  flasks  (100  c.c.)  are  not  larse 
enough  to  permit  of  the  use  of  a  two-hole  rubber  stopper  when  suction  is  used,  the  ammonia 
■hould  be  collected  in  one  of  the  Jena  test-tubes  previously  described  which  contains  >  c.c,  of 
N/io  hydrochloric  acid  and  about  5  c,c.  of  ammonia-free  water.  The  ammonium  salt  i> 
then  tnuuferred  to  the  volumetric  Qasic  with  40-50  c.c.  of  water  and  NeMlerized  as  described . 
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Sask  (loo  c.c.)  coDtaining  about  20  c.c.  of  ammonia-free  water  and  2  c-c 
of  X/io  hjdrochloric  add.  ^See  Figs.  129  and  130,  p.  403.)  The  air 
current  should  be  only  moderately  rapid  for  the  first  two  minutes  but 
at  the  end  of  this  two-minute  period  the  current  should  be  nm  at  its 
maximum  speed  for  an  inten-al  of  eiglti  minuUs. 

Disconnect  the  flask,  dilute  the  contents  to  about  60  c.c  with  am- 
monia-free water  and  dilute  similarly  i  mg.  of  nitrogeo  in  the  form  of 
ammonium  sulphate'  in  a  second  \-olumetric  flask.  Xesslerize  both 
solutions  as  nearly  as  possible  at  the  same  time  with  5  c.c.  of  XcssIct- 
Winkler  solution*  diluted,  smmediakly  before  using,  with  about  25  cc. 
of  ammonia-free  water  to  avoid  turbidity.  Immediately  &11  the  two 
flasks  to  the  mark  with  ammonia-free  water,  mix  well  and  determine  the 
relative  intensity  of  the  two  colors  by  means  of  a  Duboscq  colorimeter.' 

The  color  of  the  unknown  should  be  adjusted  to  that  of  the  standard 
both  from  abate  and  belovr  the  le\'el  of  the  latter.  The  matching  of  the 
colors  is  ordinarily  ver>-  easy.  It  is  desirable  to  make  the  readings  by 
diffused  daylight  if  possible.  If  electric  light  must  be  used,  a  sheet  of 
smooth  white  paper  should  be  interposed  between  the  colorimeter  and  the 
source  of  light. 

Cakulalion. — The  reading  of  the  standard  divided  by  the  reading  of 
the  unknown  gives  the  nitrogen  in  milligrams  in  the  volume  of  the  urine 
taken.    Calculatethetotalnitrogen  output  for  the  twenty-four-hourperiod. 

Vn.  Amino  mtrogen. 
Van  Slyke's  Method.^ — The  method  is  based  on  the  fact  that  nitrous 
add  in  solution  spontaneously  decomposes  with  formation  of  nitric  oxide: 
2HX0,i=^HN0,-|-X0. 

1  Care  should  be  taken  ro  secure  the  pure  sail.  .\U  ammonium  salts  contain  pyridine 
bases  which  utraie  like  ammonia  but  do  not  react  nitb  Ne^ler's  reagent.  Pure  ajmnoniom 
sulphatE  may  be  prepared  by  decamposinj;  a  high-grade  ammonium  salt  with  so«fium  hy- 
droxide and  passing  the  liberated  ammonia  into  pure  sulphuric  acid.  The  salt  is  then  pre- 
cipitated by  means  of  alcohol,  then  brouf;ht  into  wlutioD  in  water  and  re- precipitated  br 
ftlcohol.  The  final  pn>duct  should  be  dried  in  a  desiccator  over  sulphuric  acid.  Dr.  H.  L. 
Emerson  of  Boston  prepares  a  »alt  which  is  ver^'  satisfactory  for  u?«  in  this  method. 

'  Cktm.  Ztil..  1800,  p.  541.     The  Xesslcr-Winkler  solution  has  the  following  formula: 

Mereuric  iodide lo  grams. 

Potassium  iodide $  stains. 

Sodium  hvdroxide lo  grams. 

Water looc.c. 

The  mercuric  iodide  is  rubbed  up  in  a  small  porcelain  mortar  with  water,  then  washed 
into  a  fla^k  and  the  potassium  iodide  added.  The  sodium  h>'dro?iide  i:;  dissolved  in  the 
remaining  water  and  the  cooled  solution  added  to  ibe  above  mixture.  The  solution  deaied 
by  standing  is  preserved  in  a  dark  bottle. 

The  15  c.c.  portion  of  the  diluted  reagent  should  be  addedaboutone-thirdata  timetolhe 
contents  of  the  Qa^k.  It  ii  very  essential  that  the  dilution  of  the  reagent  takes  place  im- 
medialHy  pri-(cdinf  its  tisr,  inasmuch  as  the  diluted  reagent  deteriorates  in  a  few  minutca  as 
U  indicated  by  the  formation  of  a  brick-red  prcdpitate.  Fortunately  the  reagent  does  not 
decompose  in  ihi^  manner  in  the  presence  of  the  ammonium  salt. 

*  The  standard  may  he  set  at  any  desired  depth  but  a  \ety  salisfaclorj-  depth  is  xo  mm. 
The  depth  should  be  unif<)rm  throughout  anv  series  of  comparative  tests. 

'VanSlyke:  Jour.  Biei.  Clum..  g.  185,  1911. 
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This  reaction  is  utilized  in  displacing  all  the  air  of  the  apparatus  with 
nitric  oxide.  The  amino  solution  is  then  introduced,  evolution  of  nitro- 
gen mixed  with  nitric  oxide  resulting.  The  oxide  is  absorbed  by  alkaline 
permanganate  solution,  and  the  pure  nitrogen  measured  in  a  special  gas 
burette  shown  in  the  figure. 

The  determination  of  amino  nitrogen  is  carried  out  as  follows:  50 
c.c.  of  the  total  day's  urine  are  measured  into  a  flask  and  2  c.c.  of  concen- 
trated acid  added.    The  acid  urine  is  then  placed  in  an  autoclave  and 


Fic,  iji.— Van  Slyke's  Amino  Nitrogen  Apparatus. 

heated  to  175°  C.  under  pressure  for  an  hour  and  a  half.  After  hydrol- 
ysis is  complete,  a  few  drops  of  sodium  alizarin  sulphonate  are  added  as 
indicator  and  potassium  hydroxide  added  in  such  quantity  as  to  leave 
an  excess  of  the  reagent.  The  solution  is  then  boiled  20-30  minutes  in 
order  to  get  rid  of  all  the  ammonia.  After  boiling,  the  solution  is  approxi- 
mately neutralized  and  the  volume  made  up  exactly  to  50  c.c.  Ten  cubic 
centimeters  of  this  arc  then  used  for  each  amino  acid  determination. 

The  10  c.c.  of  urine  treated  as  described  are  contained  in  the  burette 
(B)  of  the  Slyke  apparatus  (see  Fig.  131).  The  detailed  manipulation 
of  the  urine  in  order  to  determine  the  amino  acid  content  is  very  simple  to 
follow.    Into  the  reaction  chamber  (D)  one  pours  28  c.c.  of  sodium  ni- 
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trite  solution  (30  grams  to  100  c.c.  of  water)  and  7  c.c.  of  gladal  acetic 
add.  The  stopper  is  tjien  inserted  in  (D),  and  the  tkree-ivay  stop-cock 
(c)  opened  so  as  to  allow  the  gases  to  escape  into  the  air.  5  c.c,  of  water 
are  now  placed  in  vessel  (A)  and  allowed  to  run  into  (D)  so  as  to  expel  the 
air  remaining  in  the  apparatus.  The  cock  (c)  is  dosed,  (a)  left  open  and 
the  soltition  from  (D)  allowed  to  back  up  into  (A)  until  about  5  c.c.  are 
accumulated  there,  (D)  being  shaken  so  as  to  get  rid  of  any  air  dissolved 
in  the  interacting  solutions.  The  gases  are  again  expelled  as  described 
by  opening  (c).  This  process  is  repeated  thus  washing  the  last  traces  of 
air  from  the  apparatus,  (a)  is  now  opened,  (c)  dosed  and  about  25  c.c. 
of  the  solution  forced  into  (A)  by  the  pressure  of  the  nitric  oxide  formed  in 
(D).  The  cock  (c)  is  then  opened  so  that  the  gas  passes  into  the  burette 
(E),  (a)  closed,  and  the  10  c.c.  of  urine  run  into  (D).  After  the  reaction 
has  run  for  five  minutes,  (D)  is  shaken  and  the  remainder  of  the  gas 
forced  from  (D)  into  the  burette  by  allowing  the  liquid  in  (A)  to  run  into 
(D).  The  gases  are  then  run  from  the  burette  into  the  pipette  (H), 
the  latter  is  thoroughly  shaken,  till  no  more  gas  is  absorbed  by  the  alkaline 
permanganate  solution.*  The  pure  nitrogen  gas  is  run  back  into  the 
burette  and  measured.  The  temperature  of  the  gas  and  barometric 
pressure  are  recorded.  Blanks  should  be  run  and  the  slight  error  due  to 
the  formation  of  nitrogeii  gas  and  oxygen  from  the  interaction  of  sodium 
nitrite  and  gladal  acetic  add  accounted  for.* 

Calculation. — As  the  reaction  doubles  the  amount  of  nitrogen  present 
as  amino  nitrogen,  the  volume  of  nitrogen  found  must  be  divided  by  a. 
The  results  are  expressed  in  milligrams  of  nitrogen. 

VUL  Hii^miic  Add. 

Dakin's  Methods.*  Preliminary  Procedure. — Place  150  c.c.  (or 
more)  of  the  urine  under  examination  in  a  porcelain  evaporating  dish 
and  evaporate  almost  to  dryness  upon  a  water-bath.  Add  about  1  gram 
of  sodium  dihydrogen  phosphate,  about  25  grams  of  gypsum  (CaSO*, 
211^0)  and  rub  up  with  a  pestle  and  stir  with  a  spatula  until  a  uniform 
mixture  results.  Dry  the  powder  thus  produced  in  a  water-oven  for 
about  two  hours,  at  the  end  of  which  period  it  should  be  rubbed  up  a 
second  time,  to  remove  lumps,  and  transferred  to  a  Schleicher  and  Schtlll 
"extraction  shell "  and  extracted  in  a  Soxhiet  apparatus  in  the  usual  way 

'The  alkaline  permanganate  solution  contains  so  gramsof  potassium  permanganate  and 
IS  grams  of  [lutassium  hydroxide  jier  liter, 

■  AcrordinR  to  Robinson  (Mich.  Ag.  Exp.  Staliun  Tech.  Bull.,  7,  p.  11,  lou),  analysia 
of  the  gases  formed  by  ihe  dcrompo^tion  nf  sodium  nitrite  with  glacial  acetic  add 
indicates  the  presence  of  small  amounts  of  free  o:iygen  and  nitrogen. 

'Private  communication  to  tlie  author  from  Dr.  H.  D.  Dakin. 
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(see  p.  437)-  The  extraction  meditim  is  ethyl  acetate  and  the  flask  con- 
taining the  acetate  should  be  strongly  heated  over  a  sand-bath^  for  about 
two  hours.  The  ethyl  acetate  extract  is  now  transferred  to  a  separatoty 
funnel,  and  the  original  flask  rinsed  with  sufficient  fresh  ethyl  acetate 
to  maite  the  total  volume  in  the  separatory  funnel*  about  100  ex.  Wash 
the  ethyl  acetate  solution  five  times  with  a  saturated  solution  of  sodium 
chloride,  using  8  c.c.  of  the  sodium  chloride  solution  at  each  extraction, 
shaking  vigorously  and  removing  the  sodium  chloride  extract  in  each  case 
before  adding  fresh  sodium  chloride  solution.  The  sodium  chloride 
removes  Ike  urea  completely  and  the  hippuric  acid  is  then  determined  in  the 
urea-free  solation  by  the  following  volumetric  or  gravimetric  procedure: 

1,  Volumetric  Determination. — Transfer  the  urea-free  ethyl  acetate 
solution,  prepared  as  described  above,  to  a  Kjcldahl  flask,  add  about 
as  c.c.  of  water,  a  small  piece  of  pumice  stone  to  prevent  bumping, 
attach  a  condenser  and  distil  o£F  the  acetate'  over  a  free  flame.  After 
practically  all  of  the  ethyl  acetate  has  been  distilled  off,  the  nitrogen  in  the 
remaining  solution  should  be  determined  by  means  of  the  Kjeldahl 
method  (see  p.  40a). 

The  main  source  of  error  in  this  method  is  the  fact  that  any  m'trogen 
present  in  the  form  of  pkenaceturic  acid  or  indole  acetic  acid  is  determined 
as  hippuric  acid  nitrogen.  The  error  from  this  source  is,  however,  usually 
trifling. 

Calculation. — Calculate  as  usual  for  nitrogen  determinations,  re- 
membering that  I  c.c.  of  N/io  sulphuric  acid  is  equivalent  to  0.0179  Sf<^^ 
hippuric  acid. 

2.  Gravimetric  Determination. — ^The  urea-free  ethyl  acetate  solu- 
tion, contained  in  the  separatory  funnel,  after  washing  with  sodium 
chloride  solution,  as  described  under  Preliminary  Procedure,  p.  406, 
is  washed  with  5  c.c.  of  distilled  water  to  remove  the  major  portion  of 
the  sodium  chloride.  Transfer  the  solution  from  the  separatory  funnel 
to  a  round-bottomed  flask  and  subject  it  to  a  steam  distillation  in  the 
usual  way.  A  slow  current  of  steam  should  be  used  while  the  ethyl 
acetate  is  being  distilled  off  and  later  a  more  rapid  current  may  be  em- 
ployed. The  distillation  should  be  continued  for  twenty  minutes.  Now 
add  about  o.i  gram  of  charcoal  to  the  aqueous  solution  which  is  heated 
to  boiling  and  filtered  hot.  Evaporate  the  solution  in  a  weighed  Jena 
glass  dish  on  a  water-bath  until  the  volume  of  the  solution  is  reduced  to 
about  5  c.c.    Stand  the  dish  in  a  warm  place  until  evaporation  is  complete 

■  A  water-bath  cannot  be  substituted  inasmuch  as  the  resultant  extraction  would  be  too 

•This  elhyl  acetate  solution  rontains  hippuric  acid,  urea,  and  other  substances. 
•  The  elhyl  acetate  after  separation  from  the  watery  layer  ol  the  distillate  may  be  dried 
over  calcium  chlurlde  and  used  again. 
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and  a  crystalline  residue  rematDS.  Wash  the  residue,  in  turn,  with  2 
c,c-  of  dry  ether,  and  i  c.c.  of  water,  dry  it  in  an  air-bath  at  100°  C.  and 
weigh.  If  it  is  so  desired  the  residue  may  be  recrystallized  from  a  little 
hot  water  and  the  nielting-pc»nt  determined.  Pure  hippuric  acid  melts  at 
187°  C.  Contamination  with  phenaceturic  acid  may  be  detected  both  by 
the  melting-point  and  the  microscopical  characteristics 

IX.  Sulphur. 

I.  Total  Sulphates.  Folin's  Method.— Place  25  c.c.  of  urine  in  a 
200-250  c.c,  Erlenmeyer  flask,  add  20  c.c.  of  dilute  hydrochloric  acid' 
(i  volume  of  concentrated  HCl  to  4  volumes  of  water)  and  gently  boil  the 
mixture  for  20-30  minutes.  To  minimize  the  loss  of  water  by  evaporation 
the  mouth  of  the  flask,  should  be  covered  with  a  small  watch  glass  during 
the  boiling  process.  Cool  the  flask  for  2-3  minutes  in  running  water, 
and  dilute  the  contents  to  about  150  c.c.  by  means  of  cold  water.  Add 
10  C.C.  of  a  5  per  cent  solution  of  barium  chloride  slowly,  drop  by  drop,  to 
the  cold  solution.*  The  contents  of  the  flask  sliould  not  be  stirred  or 
shaken  during  the  addition  of  the  barium  chloride.  Allow  the  mixture  to 
stand  at  least  one  hour,  then  shake  up  the  solution  and  Alter  it  through 
a  weighed  Gooch  crucible.* 

Wash  the  precipitate  of  BaSO*  with  about  250  c.c.  of  cold  water, 
dry  it  in  an  air-bathorover  a  very  low  flame,  then  ignite,*  cool  and  weigh. 

Calculation — Subtract  the  weight  of  the  Gooch  crucible  from  the 
weight  of  the  crucible  and  the  BaSOi  precipitate  to  obtain  the  weight  of 
the  precipitate.    The  weight  of  SOj'  in  the  volume  of  urine  taken  may  " 
be  determined  by  means  of  the  following  proportion. 

Mol.  wt.       Wt.  of  Mol.  wt. 

BaS04:BaS0*::S0j:a:(wt.  of  SOj  in  grams). 

'  If  it  is  de^red,  50  c.c.  oC  urine  and  4  c.c,  of  concentrated  acid  may  be  used  instead. 

*  A  dropper  or  capillary  funnel  made  from  an  ordinaiy  caldum  cfalonde  tube  and  so 
constructed  as  to  deliver  10  c.c.  in  2-3  minutes  is  recommended  for  use  in  adding  the  buium 
chloride. 

'  If  a  Gooch  cnidble  is  not  available,  the  prcdpitatc  of  BaSO^  may  be  filtered  off  upon 
a  washed  filter  paper  (Schleicher  &  Schtlll's,  No,  sSg,  blue  ribbon),  and  after  washioft  the 
precipitate  with  about  aso  c.c.  of  cold  water  the  paper  and  precipitate  may  be  dried  in  an 
air-bath  or  over  a  low  flame.  The  ignition  may  then  be  carried  out  in  the  usual  way  in  the 
ordinary  platinum  or  porcelain  crucible.  In  this  case  conectiou  must  be  made  Cor  the 
weight  of  the  ash  of  the  filter  paper  used. 

'  Care  must  be  taken  in  the  i);nitton  of  precipitates  in  Gooch  crudbles.  The  flame 
should  never  be  applied  directly  to  the  ptrforaird  bottom  or  10  the  sides  of  the  crudhle,  since 
such  manipulation  is  invariably  attended  by  mechanical  losses.  The  crucibles  should  always 
be  provided  with  lids  and  light  bolhms  during  the  ignition.  In  case  porcelain  Gooch  cnid- 
bles,  whose  bottoms  are  not  provided  with  a  non-perforated  cap,  are  used,  the  crudble  may  be 
placed  upon  the  lid  of  an  ordinary  platinum  crudble  during  ignition.  The  lid  should  be 
supported  on  a  triangle,  the  crudble  placed  upon  the  lid  and  the  Hame  applied  to  the  im- 
provised bottom.     Ignition  should  be  complete  in  la  minutes  if  no  organic  matter  is  present. 

*  It  is  considered  preferable  by  many  investigators  to  express  all  sulphur  values  in  terms 
of  S  rather  than  SOi. 
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Representing  the  weight  of  the  BaSO*  precipitate  by  y  and  substituting 
the  proper  molecular  weights,  we  have  the  following  proportion: 

231.7:^:79.5:  X  (wt.  of  SOj  in  grams  in  the  quantity  of  urine  used). 

Calculate  the  quantity  of  S0»  in  the  twenty-four-hour  specimen  of 
urine. 

To  express  the  result  in  percentage  of  S0»  simply  divide  the  value  of  x, 
as  just  determined,  by  the  quantity  of  urine  used. 

2.  Lio^^anic  Sulphates.  Folin's  Method. — Place  25  c.c.  of  urine 
and  100  c.c.  of  water  in  a  200-250  c.c.  Erlenmeyer  flask  and  acidify  the 
diluted  urine  with  10  c.c.  of  dilute  hydrochloric  acid  (i  volume  of  con- 
centrated HCI  to  4  volumes  of  water).  In  case  the  urine  is  dilute  50  c.c. 
may  be  used  instead  of  25  c.c.  and  the  volume  of  water  reduced  pro- 
portionately. Add  TO  c.c.  of  5  per  cent  barium  chloride  slowly,  drop  by 
drop,  to  the  cold  solution  and  from  this  point  proceed  as  indicated  in  the 
method  for  the  determination  of  Total  Sulphates,  page  408. 

Calculate  the  quantity  of  inorganic  sulphates,  expressed  as  S0»,  in 
the  twenty-four-hour  urine  specimen. 

Calculation. — Calculate  according  to  the  directions  given  under  Total 
Sulphates,  above. 

3.  Ethereal  Sulphates.  Folin's  Method. — Place  125  c.c.  of  urine  in 
an  Erlenmeyer  flask  of  suitable  size,  dilute  it  with  75  c.c.  of  water  and 
addify  the  mixture  with  30  c.c.  of  dilute  hydrochloric  acid  (i  volume  of 
concentrated  HCI  to  4  volumes  of  water).  To  the  cold  solution  add  20  c.c. 
of  a  s  per  cent  solution  of  barium  chloride,  drop  by  drop.'  Allow  the 
mixture  to  stand  about  one  hour,  then  filter  it  through  a  dry  filter  paper.* 

'  Collect  125  c.c.  of  the  filtrate  and  boil  it  gently  for  at  least  one-half  hour. 
Cool  the  solution,  filter  off  the  precipitate  of  BaSO*,  wash  dry  and  ignite 
it  according  to  the  directions  given  on  page  408- 

Calculation. — The  weight  of  the  BaS04  precipitate  should  be  multi- 
plied by  2  since  only  one-half  (125  c.c.)  of  the  total  volume  (250  c.c.)  of 
fluid  was  precipitated  by  the  barium  chloride.  The  remaining  calculation 
should  be  made  according  to  directions  given  under  Total  Sulphates,  page 

408. 

Calculate  the  quantity  of  ethereal  sulphates,  expressed  as  SOj,  in  the 
twenty-four-hour  urine  specimen. 

4.  Total  Sulphur.  Bettedicl's  Method.^ — Ten  cubic  centimeters  of 
urine  are  measured  into  a  small  (7-8  cm.)  porcelain  evaporating  dish  and 

'  See  note  (2)  at  the  bottom  of  page  40K. 

*  This  prcdpitalc  consists  of  the  inorganic  sulphates.  If  it  19  desired,  this  BaSOi 
precipitate  may  be  eollecled  in  a  Gooch  crutiblu  or  on  an  ordinary  quantitative  filter 
pkper  and  a  dcterminaticn  of  inorganic  sulphate.^  made,  using  the  same  tcchnic  as  that 
suggested  above.  In  this  way  wc  are  enabled  to  determine  the  inorganic  and  ethereal 
■t^Aates  in  the  same  sample  of  urine. 

•  Benedict;  Journal  of  Biological  Chemistry,  6,  363,  1909. 
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brought  into  solution.'  A  few  minutes  boiling  should  now  yield  a  cUar 
solution.  In  case  too  litUe  peronde  or  too  much  water  was  added  tor  the 
final  fusion  a  clear  solution  will  not  be  obtained.  In  this  event  cool  the 
solution  and  remove  the  insoluble  matter  by  dltration. 


Fio.  i3».- 


is-sEcnoN  I 


r  Apfakatos 


— Bekthelot-Atwatek  Bomb  Caloriueter.    (Cbo 
AS  Ready  FOk  Use.) 

A.  Steel  cup  or  bomb  proper;  C,  collar  of  steel;  G,  opening  thraueh  which  oxygtnip  forced 
Into  the  bomb;  H  and  r.  insula  ted  wires  which  serve  lo  conduct  in  electric  curreni  for  igni ting 
the  substance  which  iohcld  in  the  small  capsule;  L,  a  stirrer  which  server  id  keep  the  water 
KUTDunding  the  bomb  in  motion  and  insure;  the  equalisation  of  temprralure;  P  a  delicBte 
thennometcr  which  shows  the  rise  in  temperalurc  o[  the  water  surrounding  the  bomb. 

To  the  clear  solution  atjd  5  c.c.  of  very  dilute  alcohol  (about  i8-ao 
per  cent)  and  continue  the  boiling  for  a  few  minutes.  The  alcohol  is 
added  to  remove  the  chlonne  which  was  formed  when  the  solution  was 

t  About  iS  c.c.  of  add  are  required  for  S  grams  of  sodium  peroxide. 
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acidified.  Add  lo  c.c.  of  a  lo  per  cent  solution  of  barium  chloride,  slowly, 
drop  by  drop. '  to  the  h'quid.  Allow  the  precipitated  solution  to  stand  in 
the  cold  tivo  days  and  then  filter  and  continue  the  manipulation  according 
to  the  directions  given  under  Total  Sulphates,  page  4cS. 

Calculation. — Make  the  calculation  according  to  (Erections  given 
under  Total  Sulphates,  p.  408.  Calculate  the  quantity  of  sulphur, 
expressed  as  SOi  or  S,  present  in  the  twenty-four-hour  urine  !^>edmea. 

6.  Total  Su^ur.  Sodium  Hydroxide  and  Potassium  Xitrale  Fusum 
Method. — Place  25  c.c.  of  urine  in  a  silver  crucible  and  evaporate  to  a 
thick  s\Tup  on  a  water-bath.  Add  10  grams  of  sodium  hydroxide  and  2 
grams  of  potassium  nitrate  to  the  residue  and  fuse  the  mass,  over  an 
alcohol  fiame,  until  all  organic  matter  has  di:^ppeared  and  the  fused 
mixture  is  clear.  Cool  the  mixture,  transfer  it  to  a  casserole  by  means  of 
hot  water,  addify  slightly  with  hydrochloric  acid  and  evaporate  it  to  dry- 
ness on  a  water-bath.  Moisten  the  residue  with  a  few  drops  of  dilute 
hydrochloric  acid  and  bring  it  into  solution  nilh  hot  water.  Filter,  heat 
the  filtrate  to  boiling,  and  immediately  precipitate  it  by  the  addition  of  10 
c.c.  of  a  10  per  cent  solution  uf  barium  chloride,  adfUng  the  solution 
slowly,  drop  by  drop.  Allow  the  precipitated  solution  to  stand  2  hours 
and  filter  while  cold.  Ignite,  weigh,  and  calculate  according  to  directions 
given  under  Total  Sulphates,  p.  408. 

Compute  the  quantity  of  sulphur,  expressed  as  SOi  or  S,  presmt  in 
the  twenty-four-hour  urine  specimen. 

7.  Total  Su^tir.  Sherman's  Compressed  Oxygen  Method.^ — 
Evaporate  as  much  urine  on  an  absorbent  filter  block*  at  55"  C.  as  the 
block  will  conveniently  absorb  and  burn  the  block  so  prepared  in  a  bcnnb- 
calorimotcr*  using  25-30  atmospheres  of  oxjgen.  Connect  the  bomb 
with  a  wash-bottle  containing  water,  and  allow  the  gas  to  bubble  throu^ 
the  liquid  until  the  high  pressure  within  the  apparatus  has  been  reduced 
to  atmospheric  pressure.  Now  open  the  bomb  and  thoroughly  rinse  the 
interior,  using  water  from  the  wash-bottle  for  the  first  rinsinF-  Dissolve 
any  ash  found  in  the  combustion  capsule  in  hydrochloric  add  and  add 
this  solution  to  the  main  solution.  Evaporate  to  150  c.c,  filter,  and  cool 
the  filtrate.  Add  10  c.c.  of  a  5  per  cent  solution  of  banum  chloride  to  the 
cold  filtrate,  slowly,  drop  by  drop.*  The  contents  of  the  flask  should  not 
be  stirred  or  shaken  durinp  the  addition  of  the  barium  chloride.  Allow 
the  mixture  to  stand  at  least  one  hour,  then  shake  up  the  solution  and 

'  See  note  (21  at  the  bottom  o(  page  408. 

•  Stc  Sherman's  OrRanic  .\raljsis,  First  edition,  p.  19. 

'  Only  a  small  amount  of  urine  should  l>c  added  at  one  time,  it  being  necoMiy  (o  nuke 
several  evaporations  Lclore  the  Llocic  contains  suiFicicnt  urinarj-  residue  to  proceed  with  the 
combustion. 

*The  Bert  bdol -.A  I  water  apparatus  (Fig.  137,  page  411)  is  well  adapted  to 'this  pnipoK. 

*  See  note  (2)  at  the  bottom  of  page  408. 
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filter  it  through  a  weighed  Gooch  cnidble.     Maoipulate  the  precipitate 
of  BaS04  according  to  directions  given  under  Total  Sulphates,  page  408. 
CalcuJate  the  quantity  of  sulphur,  expressed  as  SOi  or  S.  present  in  the 
twenty-four-hour  urine  specimen. 

X.  Phosphorous. 

1.  Total  Phosphates.  Uranium  Acetate  Method. — To  50  ex.  of 
urine  in  a  small  beaker  or  Erienmeyer  flask  add  5  c.c.  of  a  special  sodium 
acetate  solution'  and  heat  the  mixture  to  the  boiling-point.  From  a 
burette,  run  into  the  hot  mixture,  drop  by  drop,  a  standard  solution  of 
uranium  acetate^  until  a  precipitate  ceases  to  form  and  a  drop  of  the  mix- 
ture when  removed  by  means  of  a  glass  rod  and  brought  in  contact  with  a 
drop  of  a  solution  of  potassium  ferrocyanide  on  a  porcelain  test-tablet  pro- 
duces instantaneously  a  brownish-red  coloration.*  Take  the  burette 
reading  and  calculate  the  P^Ok  content  of  the  urine  under  examination. 

Calculation. — Multiply  the  number  of  cubic  centimeters  of  uram'um 
acetate  solution  used  by  0.005  to  determine  the  number  of  grams  of  PjOi 
in  the  50  c.c.  of  urine  used.  To  express  the  result  in  percentage  of  P»Ot 
multiply  the  value  just  Obtained  by  2,  e.  g.,  if  50  c.c.  of  urine  contained 
0,074  gram  of  PjOa  it  would  be  equivalent  to  0.148  per  cent. 

Calculate,  in  terms  of  PjOi,  the  total  phosphate  content  of  the  twenty- 
four-hour  urine  specimen. 

2.  Earthy  Phosphates. — To  100  c.c.  of  urine  in  a  beaker  add  an 
excess  of  ammom'um  hydroxide  and  allow  the  mixture  to  stand  12-24 
hours.  Under  these  conditions  the  phosphoric  acid  in  combination  with 
the  alkaline  earths,  calcium  and  magnesium,  is  precipitated  as  phosphates 
of  these  metals.  Collect  the  precipitate  on  a  filter  paper  and  wash  it 
with  very  dilute  ammonium  hydroxide.  Pierce  the  paper,  and  remove  the 
precipitate  by  means  of  hot  water.  Bring  the  phosphates  into  solution  by 
adding  a  small  amount  of  dilute  acetic  acid  to  the  warm  solution.  Make 
the  volume  up  to  50  c.c.  with  water,  add  5  c.c.  of  sodium  acetate 

'  The  sodium  .icetate  solution  is  prepared  by  dissolving  100  grams  of  sodium  acetate 
in  800  c.c.  of  distilled  water,  adding  ico  c.c.  of  jo  per  cent  acetic  acid  to  the  lolulion,  and 
making  the  volume  of  the  mixture  up  to  1  liter  with  water 

'This  uranium  acetate  solution  may  be  prepared  by  dissclving  about  34  f^rams  of  uranium 
acetate  in  one  liter  of  water.  One  c.c.  of  this  solution  should  now  be  made  equivalent  to 
C.005  gram  of  PjOj,  phosj)horic  anhydride.  It  may  be  standardized  as  follows;  To  50  c.c. 
of  a  standard  solution  of  disodium  hydrogen  phosphate,  of  such  astrength  that  the 50  c.c. 
contains  o.i  gram  of  PiOi.  add  5  c.c.  of  the  sodium  acetate  solution  mentioned  above,  and 
titrate  with  the  uranium  solution  to  the  correct  end-reaction  as  indicated  in  the  mcthcd 
proper.  Inasmuch  as  1  c.c.  of  the  uranium  solution  should  precipitate  o. 00 j  gram  of  P.Ot. 
exactly  20  c.c.  of  the  uranium  solution  should  be  required  to  precipitate  50  c.c.  of  the 
standard  phosphate  solution.  IE  Ihc  two  solutions  do  not  bear  this  relation  to  each  other 
they  may  be  broufiht  into  proper  relation  by  diluting  the  uranium  solution  with  distilled 
water  or  by  increasing  its  strength. 

'  A  10  per  cent  solution  of  potassium  ferrocyanide  is  satisfactory. 
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solution,  and  determine  the  PjO»  content  of  the  mixture  according  to  the 
directions  given  under  the  previous  method. 

Ctdadalion. — Multiply  the  number  of  cubic  centimeters  of  uranium 
acetate  solution  used  by  0.005  to  detennine  the  number  of  grams  of  P»0» 
in  the  100  c.c.  of  urine  used.  Since  100  c.c.  of  urine  was  taken  this  value 
also  expresses  the  percentage  of  PjOi  present 

Calculate  the  quantity  of  earthy  phosphates,  in  terms  of  PiOt,  present 
in  the  twenty-four-hour  urine  specimen. 

The  quantity  of  phosphoric  add  present  in  combination  with  the 
alkali  metals  may  be  determined  by  subtracting  the  content  of  earthy 
phosphates  from  the  total  phosphates. 

Total  Phosphorus.  Sodium  Bydroxide  and  Potassium  Nitrate  Fusion 
Method. — Place  25  c.c.  of  urine  in  a  large  silver  crucible  and  evapo- 
rate to  a  syrup  on  a  water-bath.  Add  10  grams  of  NaOH  and  2  grams  of 
KNOi  to  the  residue  and  fuse  the  mass  until  all  organic  matter  has  dis- 
appeared and  the  fused  mixture  is  clear.  Cool  the  mixture,  transfer  it  to 
a  casserole  by  means  of  hot  water,  acidify  the  solution  slightly  with  pure 
nitric  acid,  and  evaporate  to  dryness  on  a  water-bath.  Moisten  the 
re^due  with  a  few  drops  of  dilute  nitric  acid,  dissolve  it  in  hot  water,  and 
transfer  to  a  beaker.  Now  add  an  equal  volume  of  molybdic  solution*  and 
keep  the  mixture  at  40°  C.  for  twenty-four  hours.  Filter  off  the  precipi- 
tate, wash  it  with  dilute  molybdic  solution,  and  dissolve  it  in  dilute 
ammonia.  Add  dilute  hydrochloric  acid  to  the  solution,  being  careful  to 
leave  the  solution  distinctly  ammoniacal.  Magnesia  mixture*  (10-15  c.c.) 
should  now  be  added  and  after  stirring  thoroughly  and  making  strongly 
ammoniacal  with  concentrated  ammonia  the  solution  should  be  allowed 
to  stand  in  a  cool  place  for  twenty-four  hours.  Filter  off  the  precipitate, 
wash  it  free  from  chlorine  by  means  of  dilute  ammonia  (1:5),  dry,  inciner- 
ate, and  weigh,  as  magnesium  pyrophosphate,  MgjPiO?,  in  the  usual 
manner. 

In  this  method  the  phosphoric  acid  of  the  urine  is  predjiHtated  as 
ammonium  magnesium  phosphate  and  in  the  process  of  incineration  this 
body  is  transformed  into  magnesium  pyrophosphate. 

Circulation. — The  quantity  of  phosphorus,  expressed  in  terms  of 
PjOj,  in  the  volume  of  urine  taken  may  be  determined  by  means  of  the 
following  proportion: 

Mol.  wt.  Wl.  of         Mol.wt. 

MgjPiOjrMgiPjOT-PjOsta:  (wt.  of  P,Os  in  grams). 
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If  y  represents  the  weight  of  the  MgjPiO?  precipitate  and  we  make 
the  proper  substitution  we  have  the  following  proportion: 
221.1  :y  : :  140.9  :x  (wt.  of  PjOt,  in  grams,  in  the  quantity  of  urine  used.) 

To  express  the  result  in  percentage  of  FiO*  simply  divide  the  value  of 
X,  as  just  determined,  by  the  quantity  of  urine  used. 

XI.  Creattniiie. 

Folin's  C<d(nimetric  Method. — This  method  is  based  upon  the 
characteristic  property  possessed  alone  by  creatinine,  of  yielding  a 
certain  definite  color-reaction  in  the  presence  of  picric  acid  in  alkaline 
solution.  The  procedure  is  as  follows:  Place  10  c.c.  of  urine  in  a  500 
c.c.  volumetric  flask,  add  15  c.c.  of  a  saturated  solution  of  picric  add 
and  5  c.c.  of  a  10  per  cent  solution  of  sodium  hydroxide,  shake  thoroughly 
and  allow  the  mixture  to  stand  for  5  minutes.  During  this  interval 
pour  a  little  N/  a  potassium  bichromate  solution*  into  each  of  the 
two  cylinders  of  the  colorimeter  (Duboscq's)  and  carefully  adjust  the 
depth  of  the  solution  in  one  of  the  cyUnders  to  the  8  mm.  mark.  A 
few  preliminary  colorimetric  readings  may  now  be  made  with  the 
solution  in  the  other  cylinder,  in  order  to  insure  greater  accuracy  in 
the  subsequent  examination  of  the  solution  of  unknown  strength. 
Obviously  the  two  solutions  of  potassium  bichromate  are  identical  in 
color  and  in  their  examination  no  two  readings  should  differ  more 
than  0.1-0.2  mm.  from  the  true  value  (8  mm.).  Four  or  more  readings 
should  be  made  in  each  case  and  an  average  taken  of  all  of  them  exclusive 
of  the  first  reading,  which  is  apt  to  be  less  accurate  than  the  succeeding 
readings.  In  time  as  one  becomes  proficient  in  the  technic  it  is  per- 
fectly safe  to  take  the  average  of  the  first  two  readings. 

At  the  end  of  the  5-minute  interval  already  mentioned,  the  contents 
of  the  500  c.c.  flask  are  diluted  to  the  500  c.c.  mark,  the  bichromate 
solution  is  thoroughly  rinsed  out  of  one  of  the  cylinders,  and  replaced 
with  the  solution  thus  prepared  and  a  number  of  colorimetric  readings 
are  immediately  made. 

Ordinarily  10  c.c.  of  urine  is  used  in  the  determination  by  this  method, 
but  if  the  content  of  creatinine  is  above  15  mg.  or  below  5  mg,  the  determi- 
nation should  be  repeated  with  a  volume  of  urine  selected  according  to 
the  content  if  creatinine.  This  variation  in  the  volume  of  urine  according 
to  the  content  of  creatinine  is  quite  essential,  since  the  method  loses  in 
accuracy  when  more  than  15  mg.  or  less  than  5  mg.  of  creatinine  is 
present  in  the  solution  of  unknown  strength. 

Calculation. — By  experiment  it  has  been  determined  that   10  mg, 

'  This  solution  contains  14. ss  grains  o(  potassium  bichromate  to  the  tiler. 
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of  pure  creatinine;  when  brought  into  solution  and  diluted  to  500  c.c. 
as  explained  in  the  above  method,  yields  a  mixture  8.1  mm.  of  which 
possesses  the  same  colorimetric  value  as  8  mm.  of  a  N/2  solution  of 
potassium  bichromate.  Bearing  this  in  mind  the  computation  is  readily 
made  by  means  of  the  following  proportion  in  which  y  represents  the 
number  of  millimeters  of  the  solution  of  unknown  strength  equivalent  to 
the  8  mm.  of  the  potassium  bichromate  solution: 

y:8.i ::  ic;*  (mgs.  of  creatinine  in  the  quantity  of  urine  used). 

This  proportion  may  be  used  for  the  calculation  no  matter  what 
volume  of  urine  (5,  10,  or  15  c.c.)  is  used  in  the  determination.  The 
10  represents  10  mg.  of  creatinine  which  gives  a  color  equal  to  8.1  mm,, 
whether  dissolved  in  s,  10,  or  15  c.c.  of  fluid. 

Calculate  the  quantity  of  creatinine  in  the  twenty-four-hour  urine 
specimen. 

Xn.  Creatine. 

Folin-Benedict  and  Myers  Method.' — To  20  c.c.  of  urine  in  a 
50  c.c.  volumetric  flask,  add  20  c.c.  of  normal  hydrochloric  add  and 
place  the  flask  in  an  autoclave  at  a  temperature  of  117-120°  C.  lor 
one-half  hour.  Add  distilled  water  until  the  volume  of  the  acid-urine 
mixture  is  exactly  50  c.c,  close  the  flask  by  means  of  a  stopper,  and 
shake  it  thoroughly.  Approximately  neutralize  25  c.c.  of  this  mixture, 
introduce  it  into  a  500  c.c.  volumetric  flask  and  determine  its  creatinine 
content  according  to  Folin's  Method  (see  p.  415). 

Calculation. — Calculate  as  explained  on  p.  415,  and  from  this  value 
subtract  the  value  for  the  original  content  of  creatinine  before  hydrolysis. 
The  difference  between  these  two  values  will  be  the  creatine  content  of  the 
original  urine  in  terms  of  creatinine. 

Xlli.  Indican. 

Ellinger's  Method. — This  method  for  the  quantitative  determina- 
tion of  indican  is  based  upon  the  principle  underlying  Jaffe's  test  for 
the  detection  of  indican  (see  p.  298).  The  method  is  as  follows:  To 
50  c.c.  of  urine^  in  a  small  beaker  or  casserole  add  5  c.c.  of  basic  lead 
acetate  solution,'  mix  thoroughly,  and  filter.  Transfer  40  c.c.  of  the 
filtrate  to  a  separatory  funnel,  add  an  equal  volume  of  Obennayer's 
reagent  (sec  p.  299)  and  20  c.c.  of  chloroform,  and  extract  in  the  usual 

'  BCTifditt  and  Myers:  Am.  J.  Pkys.,  i8,  397,  IQOJ- 

'If  iht:  urine  under  examination  is  neutral  or  alkaline  in  reaction  it  sbould  be  m&de 
faintly  acid  with  acetic  arid  bcfurc  adding  the  basic  lead  acetate. 
'  Fur  preparation  ai  basic  lead  acetate  solution  see  Appendix. 
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manner.  This  extraction  with  chloroform  should  be  repeated  until 
the  chloroform  solution  remains  colorless.  Shake  up  the  combined 
chloroform  extracts  2-3  times  with  distilled  water  in  a  separating  funnel 
and  complete  the  purification  by  extracting  with  very  dilute  sodium 
hydroxide  (i :  looc).  Remove  all  traces  of  alkali  by  washing  with  water. 
Now  filter  the  combined  chloroform  extracts  through  a  dry  filter  paper 
into  a  dry  Erlenmeyer  flask.  Distil  off  the  chloroform, heat  the  residue 
on  a  boiling  water-bath  for  5  minutes  in  the  open  flask,  and  wash  the  dried 
residue  with  hot  water.'  Add  10  c,c.  of  concentrated  sulphuric  acid  to 
the  washed  residue,  heat  on  the  water-bath  for  5-10  minutes,  dilute  with 
100  c.c.  of  water,  and  titrate  the  blue  solution  with  a  very  dilute  solution 
of  potassiiun  permanganate.^  The  end-point  is  indicated  by  the  dissipa- 
tion of  all  the  blue  color  from  the  solution  and  the  formation  of  a  pale 
yellow  color. 

Beautiful  plates  of  indigo  blue  sometimes  appear  in  the  chloroform 
extract  of  urines  containing  abundant  indican.  In  urines  preserved 
by  thymol  the  determination  of  indican  is  interfered  with  unless  great 
care  is  taken  in  washing  the  chloroform  extract  with  dilute  alkali.  Care 
should  be  taken,  therefore,  to  make  the  indican  determination  upon 
fresh  urine,  before  the  addition  of  the  preservative. 

Plasenda'  has  recently  suggested  a  method  which  is  shorter  than 
Ellinger's  and  according  to  its  sp>onsor,  just  as  accurate. 

Calculation. — Ellinger  claims  that  one-sixth  of  the  amount  deter- 
mined must  be  added  to  the  value  obtained  by  titration  in  order  to  secure 
accurate  data.    This  correction  should  always  be  made. 

XIV.  Chlorides. 

Dehn-CIark  Method.^ — In  this  method  the  organic  compounds, 
that  hold  the  chlorine  too  firmly  for  its  quantitative  precipitation  with 
silver  nitrate,  are  destroyed  by  oxidation  with  sodium  peroxide.  Sodium 
peroxide  in  the  presence  of  water  gives  off  nascent  oxygen  according  to  the 
following  equation: 

NajOi-l-HiO—  2  NaOH-l-0. 

The  oxygen  then  attacks  the  organic  matter  and  the  chlorine  is  left 

as  sodium  chloride.     The  procedure  is  as  follows:  To  10  c.c.  of  urine 

•The  washing  should  be  conlinuctL  unlil  ihc  wash  wali'r  is  no  lonRcr  colored.  Ordi- 
narily two  or  three  washings  arc  sullkient.  U  a  sq>aratii>n  of  indif^o  particles  takes  i)lace 
during  the  washing  process,  the  wash  water  should  hi.'  liltcred,  the  indigo  extracted  with 
chloroform,  and  the  usual  method  ai)|>tied  from  this  ixiint. 

■A  "stock  solution"  oF  potasnum  permanganate  containing  3  grams  per  liter  should  be 
prepared,  and  when  needed  Cor  titration  purposes  a  suitable  volume  of  this  solution  should 
DC  diluted  with  40  volumes  of  water.  The  potassium  jiermanganatc  solution  should  be 
standardized  with  i>ure  indign. 

■Plasencia:  Rnislti  de  Sirdiciiia  y  Ciriinia.,  17,  i,  igii. 

*  Private  communication  to  the  author  from  Mr.  S.  C.  Clark. 
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in  a  75-100  c.c.  casserole,  add  1.0-1.2  grams  of  sodium  peronde  and 
evaporate  the  mixture  to  dryness  on  a  boiling  water-bath.  In  case  the 
residue  is  not  pure  white,  thus  indicating  that  insufficient  sodium  peronde 
has  been  added,  the  residue  should  be  moistened  with  distilled  water, 
additional  sodium  peroxide  added,  and  the  mixture  again  evap<vated  to 
dryness.  When  the  oxidation  is  complete,  treat  the  mass  with  10-20  c,c. 
of  distilled  water  and  stir  until  it  has  practically  all  been  brou^t  into 
solution.  Then  introduce  a  bit  of  litmus  paper  and  add  dilute  nitric  acid 
(i :  i)  tutn  the  litmus  paper  turns  red  and  all  effervescence  ceases.  Now 
place  the  casserole  on  a  hot  plate  or  on  a  gauze  and  heat  the  contents 
almost  to  the  boiling-point.*  To  the  hot  solution  add  a  standard  solution 
of  silver  nitrate  (see  page  419)  in  sUght  excess.*  Filter  off  the  silver 
chloride  while  the  solution  is  still  hot  and  wash  the  precipitate  thoroughly 
with  distilled  water.  To  the  filtrate,  add  i  c.c.  of  a  saturated  solution 
of  ferric  ammonium  sulphate  and  then  titrate  with  a  standard  solution  of 
ammonium  thioc>'anate  (see  page  420)  until  the  dear,  slightly  yellow 
fltiid  (or  the  opalescent,  milky  fluid,  in  case  there  is  much  excess  of  silver 
nitrate)  changes  to  a  slight  reddish-brown  color.  The  color  of  the  end- 
point  varies  with  the  individual.  The  exact  end-point  reached  is  not  so 
important  as  is  the  securing  of  the  same  end-point  in  a  series  of  deter- 
minations as  that  obtained  in  the  standardization  of  the  standard  solu- 
tions used. 

Cakuialion. — The  standard  solution  of  silver  nitrate  should  be 
made  up  so  that  i  c.c.  equals  o.oio  gram  of  sodium  chloride  and  i  c.c. 
of  the  ammonium  thiocyanate  should  be  equivalent  to  1  c.c.  of  the  ^ver 
nitrate  solution  (see  p.  419).  Then,  if  the  niunber  of  cubic  centimeters 
of  ammonium  thioc>anale  used  be  subtracted  from  the  number  of  cubic 
centimeters  of  silver  nitrate,  the  difference  is  the  number  of  cubic  caiti- 
meters  of  silver  nitrate  actually  used  in  the  precipitation  of  chlorine  as 
silver  chloride.  This  number,  multiplied  by  o.oio,  gives  the  weight  in 
grams  of  the  sodium  chloride  in  the  10  c.c.  of  urine  used.  If  it  is  desired  to 
express  the  result  in  percentage  of  sodium  chloride,  move  the  decimal 
point  one  place  to  the  right. 

In  a  similar  manner  the  weight  or  percentage  of  chlorine  may  be  com- 
puted, using  the  factor  0.006  as  explained  in  Mohr's  method,  below. 
Calculate  the  quantity  of  sodium  chloride  and  of  chlorine  in  the  twenty- 
four-hour  urine  specimen. 

2.  Mohr's  Method. — Toioc.c.  of  urine  in  a  small  platinum  or  porce- 

'  If  iherc  is  a  flight  precipitate,  due  lu  silicic  acid  from  the  casserole,  this  is  filtered  off 
and  the  tiltrate  collected  in  a  lao  c.c.  beaker. 

*  This  point  is  most  easily  recognized  by  kec|>ing  the  solution  hot  and  in  constant  agita- 
tion while  adding  the  silver  nitrate  so  that  the  silver  chloride  formed  coagulates  and  auiks, 
leaving  a  clear,  supernatant  fluid. 
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lain  crucible  or  dish  add  about  2  grams  of  cblorine-free  potassium  nitrate 
and  evaporate  to  dryness  at  100"  C.  (The  evaporation  may  be  con- 
ducted over  a  low  flame  provided  care  is  taken  to  prevent  loss  by  spurting.) 
By  means  of  crucible  tongs  hold  the  crucible  or  dish  over  a  free  flame  until 
all  carbonaceous  matter  has  disappeared  and  the  fused  mass  is  slightly 
yellow  in  color.  Cool  the  residue  somewhat  and  bring  it  into  solution  in 
a  small  amount  (15-25  c.c.)  of  distilled  water  acidified  with  about  10 
drops  of  nitric  add.  Transfer  the  solution  to  a  small  beaker,  bemg  sure 
to  rinse  out  the  crucible  or  dish  very  carefully.  Test  the  reaction  of  the 
fluid,  and  if  not  already  acid  in  reaction  to  litmus,  render  it  slighlty  acid 
with  nitric  acid.  Now  neutralize  the  solution  by  the  addition  of  calcium 
carbonate'  in  substance,  add  2-5  drops  of  neutral  potassium  chromate 
solution  to  the  mixture,  and  titrate  with  a  standard  silver  nitrate  solution.' 

This  standard  solution  should  be  run  in  from  a  burette,  stirring  the 
liquid  in  the  beaker  after  each  addition.  The  end-reaction  is  reached 
when  the  yellow  color  of  the  solution  changes  to  a  slight  orange-red.  At 
this  point  take  the  burette  reading  and  compute  the  percentage  of  chlo- 
rine and  sodium  chloride  in  the  urine  examined. 

Calculation. — Since  i  c.c.  of  the  standard  silver  nitrate  solution  is 
equivalent  to  0.010  gram  of  sodium  chloride,  to  obtain  the  weight,in  grams, 
of  the  sodium  chloride  in  the  10  c.c,  of  urine  used  multiply  the  number  of 
cubic  centimeters  of  standard  solution  used  by  o.oio.  If  it  is  desired  to 
express  the  result  in  percentage  of  sodium  chloride  move  the  decimal  point 
one  place  to  the  right. 

To  obtain  the  ueighl,  in  grams,  of  the  chlorine  in  the  10  c.c.  of  urine 
used  multiply  the  number  of  cubic  centimeters  of  standard  solution  used 
by  0.006,  and  if  it  is  desired  to  express  the  result  in  percentage  of  chlorine 
move  the  decimal  point  one  place  to  the  rig/il. 

Calculate  the  quantity  of  sodium  chloride  and  chlorine  in  the  twenty- 
four-hour  urine  specimen. 

3.  Volhaid -Arnold  Method. — Place  10  c.c.  of  urine  in  a  100  c.c. 
volumetric  flask,  add  20-30  drops  of  nitric  acid  (sp.  gr.  1.2)  and  2  c.c.  of 
a  cold  saturated  solution  of  ferric  alum.  If  necessary,  at  this  point  a  few 
drops  of  an  8  per  cent  solution  of  potassium  permanganate  may  be  added 
to  dissipate  the  red  color.  Now  slowly  run  in  a  known  volume  of  the 
standard  silver  nitrate^  solution  (20  c.c.  is  ordinarily  used)  in  order  to 
precipitate  the  chlorine  and  insure  the  presence  of  an  excess  of  silver 
nitrate.    The  mixture  should  be  continually  shaken  during  the  addition 

'  The  cessation  of  effervescence  and  the  jiresenie  of  some  undecom|)ose<l  calcium  car- 
bonate at  the  bottom  of  the  vessel  are  the  indications  of  neutralization. 

•  Standard  silver  nitrate  solution  may  be  jiruparecl  by  dissolving  29.04J  grams  of  silver 
nitrate  in  1  liter  of  distilled  water.  Karh  cubic  centimeter  of  this  solution  is  equivalent  to 
o.oto  gram  of  sodium  chloride  or  to  o.<>o6  gram  of  chlorine. 
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of  the  standard  solution.  Allow  the  flask  to  stand  lo  minutes,  thea  fill 
it  to  the  loo  c.c.  graduation  with  distilled  water  and  thoroughly  mix  the 
contents.  Now  filter  the  mixture  through  a  dry  filter  paper,  collect  50 
c.c.  of  the  filtrate  and  titrate  it  with  standardized  ammonium  thiocyanate 
solution.'  The  first  permanent  tinge  of  red-brown  indicates  the  end- 
point.  Take  the  burette  reading  and  compute  the  weight  of  sodium 
chloride  in  the  10  c.c.  of  urine  used. 

Calculation. — The  number  of  cubic  centimeters  of  ammonium  tHio- 
cyanate  solutidn  used  indicates  the  excess  of  standard  silver  nitrate 
solution  in  the  50  c.c.  of  filtrate  titrated.  Multiply  this  reading  by  2,  in- 
asmuch as  only  one-half  of  the  filtrate  was  employed,  and  subtract  this 
product  from  the  number  of  cubic  centimeters  of  sUver  nitrate  (so  cc.) 
originally  used,  in  order  to  obtain  the  actual  number  of  cubic  centitnetos 
of  silver  nitrate  utilized  in  the  precipitation  of  the  chlorides  in  the  10  cc 
of  urine  employed. 

To  obtain  the  weight  in  grams  of  the  sodium  chloride  in  the  10  cc 
of  urine  used,  multiply  the  number  of  cubic  centimeters  of  the  standard 
silver  nitrate  solution,  actually  utilized  in  the  predpitadon,  by  o.oio. 
If  it  is  desired  to  express  the  result  in  percentage  of  sodium  chloride  move 
the  decimal  point  mie  place  to  the  right. 

In  a  similar  manner  the  weight,  or  percentage  of  chlorine  may  be  com- 
puted using  the  factor  0.006  as  explained  in  Mohr's  method,  page  418. 

Calculate  the  quantity  of  sodium  chloride  and  chlorine  in  the  twenty- 
four-hour  urine  specimen, 

4.  Volhard-I^rTey  Method.^ — Introduce  5  c.c.  of  urine  into  a 
small  porcelain  evaporating  dish  or  casserole  and  dilute  with  about  20  cc. 
of  distilled  water.  Precipitate  the  chlorides  by  the  addition  of  10  c.c.  of 
standard  silver  nitrate  solution*  and  add  2  c.c.  of  acidified  indicator.* 
Now  run  in  a  standard  ammonium  thiocyanate  solution*  from  a  burette 

'  This  solutioD  in  made  of  such  a  strength  thai  1  c.c.  of  it  is  equal  to  t  c.c.  of  the  standard 
silver  nitrate  solution  used.  To  prepare  the  solution  dissolve  ij  grams  of  UDmonium 
thiocyanate,  NH4SCN.  in  a  little  less  than  a  liter  of  water.  In  a  small  flask  pUce  10  cc 
of  the  standard  sUver  nitrate  solution,  j  c.c.  of  the  ferric  alum  solution  and  4  c.c.  of  nitric 
acid  (sp.  gr.  i.^),  add  water  to  make  the  total  volume  100  c.c.  and  thoroughly  mix  the  con- 
tents of  the  flask.  Now  run  in  the  ammonium  thiocyanate  solution  from  t,  burette  until  * 
Krmanent  red-bron-n  tinee  is  produced.  This  is  the  end-reaction  and  indicates  that  the 
It  trace  of  silver  nitrate  has  been  precipitated.  Take  the  burette  Tea<Ung  and  caJculate 
the  amount  of  water  necessary  to  use  in  diluting  the  ammonium  thiocyanate  in  order  that 
10  c.c,  of  this  solution  may  be  exactly  equal  to  to  c.c.  of  the  Mlver  nitrate  solnUon.  Make 
this  dilution  and  titrate  again  to  be  certain  that  the  solution  is  of  the  proper  strength. 

•Harvey:  Archht!  e/ Internal  Medicine,  6,  iv,  1910. 

'  See  p.  419. 

<  '1  his  is  prepared  as  follows:  To  30  c.c,  of  distilled  water  add  70  c.c.  of  33  per  cent 
nitric  acid  (sp.  gr.  1.2)  and  dls.solve  100  grams  of  crystalline  ferric  ammonium  sulphate  in 
this  dilute  acid  solution.  Filter  and  use  the  filtrate  which  is  a  saturated  solution  of  the  iron 
salt.  This  single  reagent  takes  the  place  of  the  nitric  add  and  ferric  alum  vs  used 
in  Volhard-.Arnold  method,  and  insures  the  use  of  the  proper  quantity  of  add. 

'  This  is  a  solution  of  ammonium  thiocyanate  of  such  a  strength  that  1  cc.  i*  equivalent 
to  I  c.c.  of  the  silver  nitrate  solution.     First  make  a  concentrated  solution:  by  df 
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until  a  faint,  red-brown  tint  is  \-isible  throughout  the  mixture.  This 
pmnt  may  be  detennined  readily  by  permitting  the  preciinUtc  to  settle 
sMoewhat.     Calculate  the  sodium  chltxide  value  so  indicated  below. 

(If  a  red  tint  is  produced  when  the  first  drop  of  thiocyanate  is  added 
an  additional  10  c.c  of  the  standard  alver  nitxate  solution  must  be  in- 
troduced. Hie  titration  should  then  proceed  as  above  described  and 
pn^r  allowance  made  in  the  calculatioD  for  the  extra  volume  of  al\-er 
nitrate  employed.) 

Cakuicium.— Since  2  c.c.  of  the  ammonium  thioc>:anate  solution  is 
equivalent  to  i  c.c.  of  the  silver  nitrate  solution,  di\-ide  the  burette  reading 
by  2  and  subtract  the  quotient  from  10  cc,  the  quantity  of  silver  nitrate 
solution  taken.  This  value  is  the  number  of  cubic  centimeters  of  silver 
nitrate  solution  actually  used  in  the  precipitation  of  the  chlorides.  As 
I  cc  of  the  silver  nitrate  solution  is  equivalent  to  0.01  gram  of  sodium 
chloride,  the  number  of  cubic  centimeters  of  silver  nitrate  solution  used 
multiplied  by  0.01  gram  will  give  the  weight  of  sodium  chloridr  in  the 
cc  portion  of  urine  used.  The  weight  of  chlorine  may  be  computed  by 
usii^  the  factor  0.006  as  explained  under  Mohr's  method.  p>age  418. 

Calculate  the  weight  of  sodium  chloride  and  chlorine  in  the  twenty- 
four-hour  urine  specimen. 

A  "short  cut"  method  of  calculating  the  twenty-four-hour  output  of 
sodiiun  chloride  consists  in  subtracting  the  burette  reading  from  10  cc., 
multiplying  this  value  by  the  total  urine  volume  and  pointing  off  three 
places. 

XV.  Acetone  and  Diacetic  Acid. 

I.  Folin-Hart  Method. — This  method  serves  the  same  purpose  as 
the  Messinger-Huppert  Method,  i.  e.,  the  determination  of  both  acetone 
and  diacetic  acid  in  terms  of  acetone.  It  is,  however,  much  simpler  and 
less  time-consuming.  The  method  includes  the  transformation  of  the 
diacetic  acid  into  acetone  and  carbon  dioxide  by  means  of  heat  and  the 
subsequent  removal  of  the  acetone  thus  formed,  as  well  as  the  preformed 
acetone,  by  means  of  an  air  current  as  first  suggested  by  Folin  (sec  p. 
399).    The  procedure  is  as  follows:  Introduce  into  a  wide-mouthed  bottle 

grams  in  one  liter  of  water.  To  determine  the  requisite  dilution  lu  make  sutli  .1  <uilutinn 
that  1  c.c.  shaU  be  equivalent  to  1  c.c.  of  the  silver  nitrate  sutuiiun  procoeit  as  follow^i:  In- 
troduce lo  c.c.  uf  the  silver  nitrate  solution  into  a  small  porcelain  cvamiratinK  dish  or  cas- 
serole, add  30-50  c.c.  of  distilled  water,  2  c.c.  of  the  acid  indicator  ana  lilriiLe  as  described 
above  with  the  ammonium  thiocyanate  solution.  The  total  volume  ol  the  concentrated 
thiocyanate  solution  includini:;  that  used  in  this  titration  is  divided  by  ten.  and  the  result 
multiplied  by  the  difference  between  this  burette  reading  and  10  c.c.  This  will  give  thn 
volume  of  distilled  water  which  must  be  added  to  the  oiincentraled  thiocyanate  solution  Iti 
render  a  c.c.  equivalent  to  1  c.c.  of  the  silver  nitrate  solution. 
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aoo  c.c.  of  water,  an  accurately  measured  excess  of  N/io  iodine  solution' 
and  an  excess  of  40  per  cent  potassium  hydroxide.  Prepare  an  aerometer 
cylinder  containing  alkaline  hypoiodite  solution  to  absorb  any  acetone 
which  may  be  present  in  the  air  of  the  laboratory,  and  between  the  cylin- 
der and  bottle  suspend  a  test-tube  about  two  inches  in  diameter.  This 
large  test-tube  should  contain  20  c.c.  of  the  urine  under  examination,  10 
drops  or  a  10  per  cent  solution  of  pho^horic  acid,  10  grams  of  sodium 
chloride,  and  a  little  petroleum,  and  should  be  raised  sufficiently  high  to 
facilitate  the  easy  application  of  heat  to  its  bottom  portion.  The  con- 
nections on  the  side  of  the  tube  should  be  provided  with  bulb-tubes 
containing  cotton.  When  the  apparatus  is  arranged  as  described,  it 
should  be  connected  with  a  Chapman  pump  and  an  air  current  passed 
through  for  twenty-five  minutes.  During  this  period  the  contents  of 
the  test-tube  are  heated  just  to  the  boiling-point  and  after  an  interval  of 
five  minutes  again  heated  in  the  same  manner.  By  this  means  the 
diacetic  add  is  converted  into  acetone  and  at  the  end  of  the  twenty-five- 
minute  period  this  acetone,  as  well  as  the  preformed  acetone,  will  have 
been  removed  from  the  urine  to  the  absorption  bottle  and  there  retained 
as  iodoform. 

The  contents  of  the  absorption  bottle  should  now  be  acidified  with 
concentrated  hydrochloric  acid,*  and  titrated  with  N/io  sodiiun  thio- 
sulphate  and  starch  as  in  the  Messinger-Huppert  method  (see  below). 

2.  Messinger-Huppert  Method.^ — Place  ico  c.c.  of  urine  in  a  dis- 
tillation flask  and  add  2  c.c.  of  50  per  cent  acetic  acid.  Connect  the 
flask  with  a  condenser,  properly  arrange  a  receiver,  attach  a  terminal 
series  of  bulbs  containing  water,  and  distil  over  about  nine-tenths  of  the 
urine  mixture.    Remove  the  receiver,  attach  another,  and  subject  the  resid- 

'  Proceed  as  follows  in  order  to  obtain  a  rough  idea  regarding  the  amount  of  N/io  iodine 
solution  to  be  used:  Introduce  into  a  test-tube  10  c.c.  of  the  urine  under  eiamination  and 
I  c.c.  of  a  solution  of  ferric  chloride  made  by  dissolving  loo  grams  of  ferric  chloride  in  100  c.c. 
of  distilled  water.  After  permitting  the  mixture  to  stand  for  two  minutes,  compare  the 
color  with  that  of  an  equal  volume  of  the  ferric  chloride  solution  in  a  test-tube  01  simiUr 
diameter.  If  the  two  solutions  be  of  approximately  the  same  color  intensity,  la  c.c.  of  the 
urine  under  examination  will  yield  sufficient  acetone  to  require  nearly  loc.c.  of  N/io  iodine 
solution.  In  case  the  mixture  is  darker  in  color  than  is  the  ferric  chloride  solution,  the 
former  shculd  be  diluted  with  distilled  water  until  it  is  of  approximately  the  same  intensity 
as  the  ferric  chloride  solution.  From  this  data  the  amount  of  N/io  iodine  solution  required 
may  be  roughly  estimated  by  means  of  the  following  table: 

Urine  c.c.  Ferric  chloride.  Water.  1  N/io  Iodine  required  cc. 
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-Bij  poranc  X  dit  TTi-tT  iny  i(>  k  j«na)C  disnllanon      Tf^^  ihis  ihaA  it9 

Mvii  1  (_c  n:  Shxtt  z:  -pa  ctsx  su^urv  M.i  «x?  nvfisifl,  t.\iBi\-tii^ 
doc  sHxmc  fSsdllEiU  i£  X  psfs-sii^'pCTrc  A«sk.     l>unnf^  .fisiillnti^'^  W«- 

^as  sibe  iron:  om  penaraacn  pas^T^  10  lite  o>iThk«»acr.  «-h)k>  iW 

tube  in  d»c  oiLe  perioniDoiL  .\^ow  the  tfetiiUtion  pivxTss  U>  i^xy-Wii 
until  pnctic&Dy  aB  «"  the  fluid  his  jMissfti  o^•fT,  Uxn  ^cnv^^T  llw  nvnvins 
fla^  and  insert  dw  j^ass  sti-rpw.  Now  ircjii  ihc  disiiUaw  carKuHj- 
with  10  ac-  of  a  X  10  sohitkai  rt  iotSiw  4iHi  Ji.W  si\lium  h\>)i\«i»V 
solution,  drcp  by  drop,  unti]  ilw  blue  o.>lor  is  i^^ivUnl  ami  the  itxMi^nn 
prcdpiuies.  Su^ifwr  the  flask  and  shale  it  iW  aK^ui  »me  mimHr. 
»ddif\-  |>«!f(^tion  with  coocenlrated  hy<ir»x~hlorio  and.  ;>n»i  m>tr  ihr 
[wodnctt.^  i  a  brown  color  if  an  excess  oi  itxliiie  is  pix-wut.  In  cast 
there  is  no  such  eatcess,  the  sciluiion  should  bo  treatrti  with  N  lo  itnltitr 
scdoticHi  until  an  excess  is  obtained.  ReUtrato  this  oxitrsjt  of  knlinr  with 
N/io  sodium  thio?ulphate  solution  until  a  li|rht  yellow  tvlor  is  olv^crxTd. 
At  this  point  a  few  cubic  centimeters  of  starch  pa-stc  slvniM  Ih'  add«l  hvv.\ 
the  mixture  again  titrated  until  no  blue  a»Ior  is  visible,  Tbis  is  ihe  rnd- 
reaction. 

CalctilatieH. — Subtract  the  number  of  aibic  centimeters  of  N,  10 
thiosulpbate  solution  used  from  the  \-olume  of  N,  lo  iotihie  sohitioi) 
employed.  Since  i  c.c.  of  the  iwiinc  solution  is  «iuivHlenI  to  o.yft; 
milligram  of  acetone,  and  since  i  c.c.  of  the  thiosulphule  Miltilioii  in 
equivalent  to  i  c-c.  of  the  iodine  solution,  if  we  nmltiply  the  reittiiiiulcr 
from  the  above  subtraction  by  o.Qh?  we  will  ohtaitt  the  miniluT  of 
milligrams  of  acetone  in  the  100  c.c.  of  urine  cxuiiiittcd. 

Calculate  the  quantity  of  acetone  in  the  twenty  four  hour  urine 
specimen. 

XVI.  Acetone. 

1.  Folin's  Method.— The  same  type  of  ap|):inittis  in  used  in  tliJH 
method  as  that  described  in  I'olin's  method  fur  the  deti-rniiniilinti  of 
ammonia  (sec  p.  399).  The  imKedure  is  iis  follows;  liitrudute  m>  )\ 
c.c.  of  the  urine  under  examination  inln  tlie  lUTimu'ler  lylhider  lunl 
add  10  dn>i)s  of  10  per  cent  phosi>hiirir  iuiil.'  H  10  grains  of  Nudluni 
chloride.'  and  a  little  petroleum.     Inlroihice  into  iin  idi?<or|iii(iii  llimk,* 

'  Oxalic  acid  to.i-o.j  Rram)  may  hk  niilmHiiili'il  1(  ilr-iircrl. 

'  Aci'tuiic  is  insoluble  in  u  snlunitcd  wiliilioii  nl  miiIIiimi  i  litotliii'. 

'Folin's  improvfclabsoniliimml)!'  (wir  l''i)[.  uN,  |i.  41m)  >>lii>iilrl  l.i-  ii-r.l  In  1I1I4  .iirihoi 
iJon  inasmuch  a.<i  the  oriKinal  tyi>c  cmlirniini;  I  hi'  uw  ri(  n  rnl)l>i't  al'iiiix'r  |i>  iiii'>nlUliiil(irv 
boi'aiisc  of  the  solvent  action  or  alkalinn  hyijoinilirr  on  nililiri. 
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such  as  is  used  in  the  ammonia  determination  (see  p.  399),  150  c.c,  of 
water,  10  c.c.  of  a  40  per  cent  solution  of  potassium  hydroxide,  and  an 
excess  of  a  N/io  iodine  solution..  Connect  the  flask  with  the  aerometer 
cylinder,  attach  a  Chapman  pump,  and  permit  an  air  current,  slightly 
less  rapid  than  that  used  for  the  determination  of  ammonia,  to  be  drawn 
through  the  solution  for  20-25  minutes.  All  of  the  acetone  will,  at  this 
point,  have  been  converted  into  iodoform  in  the  absorption  flask.  Add 
10  c.c.  of  concentrated  hydrochloric  acid  (a  volume  equivalent  to  that  of 
the  strong  alkali  originally  added),  to  the  contents  of  the  latter  and 
titrate  the  excess  of  iodine  by  means  of  N/io  sodium  thiosulphate  solution 
and  starch,  as  in  the  Messinger-Huppert  method  (see  p.  422). 

Folin  has  further  made  suggestions  regarding  the  simuitaneous  detra- 
mination  of  acetone  and  ammonia  by  the  use  of  the  same  air  current' 
This  is  an  important  consideration  for  the  clinician  inasmuch  as  mines 
which  contain  acetone  and  diacetic  add  are  generally  those  from  which 
the  ammom'a  data  are  also  desired.  The  procedure  for  the  combination 
method  is  as  follows:  Arrange  the  ammonia  apparatus  as  usual  (seep. 
399),  and  to  the  aerometer  of  the  ammonia  apparatus  attach  the  acetone 
apparatus  set  up  as  described  above.  Regulate  the  air  current  with 
special  reference  to  the  determination  of  acetone  and  at  the  end  of  20-25 
minutes  disconnect  the  acetone  apparatus  and  complete  the  determination 
of  the  acetone  as  just  described.  The  air  current  is  not  interrupted,  and 
after  having  run  one  and  one-half  hours  the  ammom'a  apparatus  is  de- 
tached and  the  ammonia  determination  completed  as  described  on  page 
399- 

If  data  regarding  diacetic  acid  are  desired,  the  result  obtained  by 
Folin's  method  may  be  subtracted  from  the  result  obtained  by  the  Mes- 
singer-Huppert method  (see  p.  422),  inasmuch  as  the  latter  method 
determines  both  acetone  and  diacetic  acid.  Under  all  conditions  the 
determination  of  acetone  should  be  as  expeditious  as  possible.  This 
is  essential,  not  only  because  of  the  fact  that  any  diacetic  acid  present 
in  the  urine  will  become  transformed  into  acetone,  but  also  because  of  the 
rapid  spontaneous  decomposition  of  the  alkaline  hypoiodite  solution  used 
in  the  determination  of  the  acetone.  It  has  been  claimed  that  alkaline 
hypoiodite  solutions  are  almost  completely  converted  into  iodatt  solutions 
in  one-kalf  hour.  Folin  states,  however,  that  the  transformation  is  not 
so  rapid  as  this,  but  he  nevertheless  emphasizes  the  necessity  of  rapidity 
of  manipulation.  At  the  same  time  it  should  be  remembered  that  the 
air  current  must  not  be  as  rapid  as  for  ammonia,  inasmuch  as  the  alkaline 
hypoiodite  solution  will  not  absorb  all  the  acetone  under  those  conditions. 

me  sample  of  urine  if  the  Mmple  is 
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distilled,  400-600  c.c.  of  a  o.  1-0.5  P^  <^^it  potasstiim  bicbromate  solu- 
tioD  being  added,  by  means  of  the  dr<^)|Mng  tube,  during  the  process  of 
distillation.'  Id  adding  the  bichromate,  care  should  be  takoi  not  to 
add  it  faster  than  the  distillate  collects  except  in  cases  where  the  boiling 
Suid  assumes  a  pure  green  color,  thus  indicating  that  the  bichromate  is 
being  used  up  more  ra}»dly.  After  about  500  c.c.  of  distiUate  (B)  has 
collected.  20  c.c.  of  a  3  per  cent  solution  of  hydrogen  peroxide  and  a 
few  cubic  centimeters  of  potassium  hydroxide  solution  are  added  and 
the  mixture  (B)  subjected  to  redistillatitHL  Distil  off  about  300  c.c.  and 
titrate  this  distiUate  (Bi)  as  usual  with  iodine  and  thiosulphate  (see  p.433). 
Calculation. — The  author  advises  the  use  of  solutions  of  thiosulphate 
and  iodine,  which  are  a  trifle  stronger  than  N/io;  i.  e..  105.4  N/to. 
Each  cubic  centimeter  of  an  iodine  solution  of  this  strength  is  equivalent 
to  one  milligram  of  acetone  or  to  i .  794  milligrams  of  ^x>'but>Tic  acid. 
The  thiosulphate  solution  is  acc^ted  as  the  standard  and  should  be 
restandardized,  from  time  to  time,  by  a  X,  10  solution  of  potasaum 
bi-iodate. 

2.  Black's  Mediod.- — Render  50  c.c.  of  the  urine  under  examination 
faintly  alkaline  with  sodium  carbonate  and  evaporate  to  one-third  the 
original  volume.  Concentrate  to  about  10  c.c.  on  a  water-bath,  coal  the 
residue,  acidify  it  with  a  few  drops  of  concentrated  hydrochloric  acid' 
and  add  plaster  of  Paris  to  fonn  a  thick  paste.  Permit  the  mixture  to 
stand  until  it  begins  to  "set."  then  break  it  up  with  a  stout  glass  rod 
having  a  blunt  end  and  reduce  the  material  to  the  consistency  of  a  fairly 
dr^-  coarse  meal.*  Transfer  the  meal  to  a  Soxhlet  apparatus  and  extract 
with  ether  for  two  hours.  .-\t  the  end  of  this  period  evaporate  the  ether- 
extract  either  spontaneously  or  in  an  air  current.  Dissolve  the  resdue 
in  water,  add  a  little  bone-black,  if  necessar\-.  tiller  until  a  clear  solution 
is  obtained  and  make  up  the  hltrate  to  a  known  volume  (25  cc  or  less) 
with  water.  The  .J-oxybutj-ric  acid  should  then  be  determined  by  means 
of  the  polariscope. 

3.  Dannstadter's  Method.— This  method  is  based  on  the  fact  that 
crotonic  add  is  formed  from  5-ox>'but>Tic  acid  under  the  influence  of 
concentrated  mineral  acids.  The  method  is  as  follows:  Render  100  cc. 
of  urine  slightly  alkaline  with  sodium  carbonate  and  evaporate  nearly  to 
drjness  on  a  waler-balh.  Dissolve  the  residue  in  150-200  c.c.  of  50-55 
per  cent  sulphuric  acid,  transfer  the  acid  solution  to  a  i -liter  distillation 
flask  and  connect  it  with  a  condenser.     Through  the  cork  of  the  flask 

-  Gecerilly  ihe  addhi'ir 
the  urine  cor.:ains  a  hieh  c: 
it  may  b*  nefCi^ry  to  'i^ 

'  The  re'idae  ihuuif!  live  a  ■ii^iii 
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introdiict  iht  fSciE  «'  s  dn^i^ang  nnmc^  r.iniainini:  wswr     Hon;  iht 

^mc  5oc-55r  c  c.  nf  finid.  kwrnns  tbt  vrthirot  .v  KouJ.:  ir.  ;hr  •ttslilUtktn 
flai  cnnsiaDi  i^-  Tie  udilian  >■»!  wsier  rr.im  :br  .■ir.ipiiinj:  ninno',  «s  ihc 
disdliaif  coDBrii.  Ordmarih-  il  inU  tatf  a>v»a:  :-;-.:  h.'mps  ic  oolWl 
linf.  amouDi  of  di^iillai*.  Enrsn  ibc  dkalUtf  lhr«-  iimo-^  «-i;h  o!h« 
in  a  squixlor;-  nmncL  f^-ajwrw«  the  flfao'  wid  bo«l  ihc  irsi.hK-  lit  iiv*" 
C.  ia  a  iffw  minuie?  ti-  removie  v-olaiiJe  laiiy  adcK  I^kshiNt  i he  Tirsiliif 
in  5c  cc,  of  wai£r.  njier  and  ntraie  ihi?  aow^'>u^  s«.>luii.ia  »■»]  tT-Vtviic 
add  with  X  1=  sodnmi  hydroride  s-Juiioi! ;  u^^rj:  phoTKiJphihairtn  » 
indic&Utr. 

CakniatiffK. — ttae  cc.  of  X  ic  St^imin  hxdroxidr  s.-^)«i>.iiTi  ojnitk 
o-ooSo  {ram  01  croicinic  add,  1  pan  01  croi.inic  add  c\^o«ls  1  :i  )\»n  ^-rf 
.i-or\-bnn-ric  add.  and  1  cc,  erf  X  10  s.viium  hxdmxiilc  si-JuiMn  <n^««1» 
0.01041  pram  ra  .i-aK>-bui\-ric  add.  Tti  ci-wnputr  the  i)»»nlil\  ^M"  ;*■ 
oi>"but>Tic  add.  in  grams,  muJti;^'  ihe  number  of  iiihic  i-ontinK-lors  ^i*" 
X  10  fodiuiD  hydroiidf  solution  used  by  0.01041. 

4.  BcfcdPs  MedMd. — R«ider  joo-,^00  cc.  of  s«jt»r-fr(v*  xirilK- ■ 
sliebUy  alkaline  vitb  sodium  carbonate.  e\^]X'>rAte  the  alkaline  urine 
to  a  s\Tup  on  a  water-bath,  cool  the  s}Tup.  rub  il  u]>  with  sxtuj^)-  phi>s- 
phone  add  being  careful  to  keep  the  mixture  CixiP,  .-s?  ,;o  jrrjims  ^^ 
lindy  pulverized,  anhydrous  ct^iper  sulphate,  and  ;o  ;>  grams  of  tine 
saad.  Mil  the  mass  thoroughly,  place  it  in  a  jwiht  extracijon  thimble* 
and  extract  the  dr\-  mixture  with  ether  in  a  S.>xhlet  a|>(>aratus  \V'^.  i,^h, 
page  437).  Evaporate  the  ether,  disstilve  the  residue  in  alnnit  J5  cc.  *vf 
water,  decolorize  the  fluid  with  animaJ  charaxil,  if  lut'es.'ian.'.  ,ind  detvr 
mine  the  content  of  ,*-osybut\Tic  acid  h\  a  ixilari7.;ition  lesl . 

5.  Boekeboan  and  Bouma's  Hethod.~-riace  J5  cc.  of  urine  in  a 
flask,  add  25  cc.  of  1 1  j»er  cent  scHliuni  hydroxide  and  15  cc.  t>f  In-nnwl 
chloride,  stopper  the  flask  and  shake  it  vijiot\>usl>-  for  thnv  minuter 
under  (old  uater.  Remove  the  clear  fluid  by  means  of  a  pijvelte,  tiller  it 
and  subject  it  to  a  (mlarization  test.  'rhrouj;h  the  julion  of  the  Iwnzoyl 
chloride  all  the  la'vo- rotatory  substaiues  except  .*  oxybutyric  iiciil  will 
have  been  removed  and  the  la'v<!-rotation  now  exliibitcil  by  the  mine  will 
be  <iue  entirely  to  thai  acid. 

XDC.  Acidity. 

Folin's  Method.-    'I'he  total  adtlity  of  uriiu-  nia\    lie  .Ici.-niiinrd  an 

follows:  Place  35  cc.  of  urine  in  a  joo  cc  ICrlemuex er  Hii-^k  und  adit 

'ShntT('rli;i?rL'L-onily('nlk-<lntuniintitul1ii'[;i.t  ihul  it  U <'\tr>'iiirl>  .litliMili «i(nrl 

nil  of  the  iTiUunic  acid  if  but  Hiree  rxlnu-liniin  iirc  mailr. 
'  If  sugar  is  prcaenl  it  must  be  rcmiivi-d  liv  fiTmi-uliilinii. 
'The  Schleicher  and  SchUll  Fal-frec  extrailion  ihiiuUIr  in  vrrv  <iiti-<lii >. 
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15-20  grams  of  finely  pulverized  potassium  oxalate  and  i-a  drops  of  a  i 
per  cent  phenolphthalein  solution  to  the  fluid.  Shake  the  mixture 
vigorously  for  1-2  minutes  and  titrate  it  immediately  with  N/io  soditmi 
hydroxide  until  a  faint  but  unmistakable  pink  remains  permanent  on 
further  shaking.  Take  the  burette  reading  and  calculate  the  acidity  of 
the  urine  under  examination. 

Cakulalion.—Ii  y  represents  the  number  of  cubic  centimeters  of 
N/io  sodium  hydroxide  used  and  y'  represents  the  volume  of  urine 
excreted  in  twenty-four  hours,  the  tot(U  acidity  of  the  twenty-four-hour 
urine  specimen  may  be  calculated  by  means  of  the  following  proportion: 

25  ly  :  -.y'  :x  (acidity  of  24-hour  urine  expressed  in  cubic  centimeters  of 
N/io  sodium  hydroxide). 

Each  cubic  centimeter  of  N/io  sodium  hydroxide  contains  0.004 
gram  of  sodium  hydroxide,  and  this  is  equivalent  to  0.0063  gram  of 
oxalic  acid.  Therefore,  in  order  to  express  the  total  acidity  of  the 
twenty-four-hour  urine  specimen  in  equivalent  grams  of  sodium  hydrox- 
.  ide,  multiply  the  value  of  x,  as  just  determined,  by  0.004,  or  multiply  the 
value  of  X  by  0.0063  '^  '^  ^  desired  to  express  the  total  acidity  in  grams 
of  oxalic  acid. 

XX.  Purine  Bases. 

I.  Welker's  Modification  of  the  Methods  of  Arnstein  and  d 
Salkowski.'— Four  hundred  cubic  centimeters  of  urine,  free  from  pro- 
tein, are  treated  with  100  c.c.  of  magnesia  mixture  and  600  c.c.  of  water. 
This  is  then  filtered  and  of  the  clear  filtrate  a  measured  quantity  (600- 
800  c.c.)  is  treated  with  an  excess  (10  c.c.)  of  a  3  per  cent  silver  nitrate 
solution.  Concentrated  ammonium  hydroxide  is  added  in  small  quan- 
tities, with  stirring,  until  all  the  chlorides  have  dissolved.  Allow  the 
flocculent  precipitate  of  the  silver  purine  compounds  to  settle  to  the 
bottom,  then  pass  the  supernatant  liquid  through  the  filter  before  dis- 
turbing the  precipitate.  Finally  transfer  the  precipitate  quantitatively 
to  the  paper  which  must  be  of  known  nitrogen  content.  The  pre- 
cipitate is  washed  with  dilute  (i  per  cent)  ammotiium  hydroxide.  The 
paper  with  the  precipitate  is  then  transferred  to  a  Kjeldahl  flask  and 
and  about  100  c.c.  of  water  and  a  small  quantity  (about  o.i  gram)  of 
magnesium  oxide  are  added.  The  water  is  then  boiled  until  all  the 
ammonia  has  been  driven  off.     Test  the  steam  with  litmus  paper. 

The  material  in  the  flask  is  then  digested  by  means  of  the  usual 
Kjeldahl  method  (see  p.  401).    The  digestion  must  be  watched  care- 

'  Privalc  com munEca lion  from  Dr.  W.  H.  Welter. 
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hilly  at  the  time  the  sulphuric  acid  reaches  sufficient  concentration  to 
affect  the  filter  paper,  inasmuch  as  the  SO:  produced  causes  consider- 
able frothing.  The  total  nitrogen  (pxuine  base,  uric  acid  and  filter- 
paper  nitrogen)  is  now  determined  in  the  usual  way  {see  Kjeldahl  Method, 
p.  401).  This  result  minus  the  uric  acid  and  filter-paper  nitrogen  will 
give  the  figure  for  the  purine-base  nitrogen. 

2.  Kriiger  and  Schmidt's  Method. — This  method  serves  for  the 
determination  of  both  uric  acid  and  the  purine  bases.  The  principle 
involved  is  the  precipitation  of  both  the  uric  add  and  the  purine  bases 
in  combination  with  copper  oxide  and  the  subsequent  decomposition 
of  this  precipitate  by  means  of  sodium  sulphide.  The  uric  acid  is  then 
precipitated  by  means  of  hydrochloric  add  and  the  purine  bases  are 
separated  from  the  filtrate  in  the  form  of  their  copper  or  silver  com- 
pounds. The  nitrogen  content  of  the  predpitates  of  uric  acid  and 
purine  bases  is  then  determined  by  means  of  the  Kjeldahl  method  (see 
p.  401)  and  the  corresponding  values  for  uric  acid  and  purine  bases 
calculated.  The  method  is  as  follows:  To  400  c.c.  of  albumin-free 
urine'  in  a  liter  flask,*  add  34  grams  of  sodiimi  acetate,  40  c.c.  of  a  solu- 
tion of  sodium  bisulphite*  and  heat  the  mixture  to  boiling.  Add  40- 
80  c.c*  of  a  TO  per  cent  solution  of  copper  sulphate  and  rrtaintain  the 
temperature  of  the  mixture  at  the  boiling-point  for  at  least  three  minutes. 
Filter  off  the  fiocculent  precipitate,  wash  it  with  hot  water  until  the 
wash  water  is  colorless,  and  return  the  washed  predpitate  to  the  flask 
by  puncturing  the  tip  of  the  filter  paper  and  washing  the  predpitate 
through  by  means  of  hot  water.  Add  water  until  the  volume  in  the 
flask  is  approximately  200  cc,  heat  the  mixture  to  boiling  and  decom- 
pose the  predpitate  of  copper  oxide  by  the  addition  of  30  cc.  of  sodium 
sulphide  solution.*  After  decomposition  is  complete,  the  mixture 
should  be  acidified  with  acetic  add  and  heated  to  bollii^  until' the  sepa- 
rating sulphur  collects  in  a  mass.  Filter  the  hot  fluid  by  means  of  a  filter- 
pump,  wash  with  liot  water,  add  10  c.c.  of  10  per  cent  hydrochloric  acid 
and  evaporate  the  filtrate  in  a  porcelain  dish  until  the  total  volume  has 
been  reduced  to  about  10  c.c.  Permit  this  residue  to  stand  about  two 
hours  to  allow  for  the  separation  of  the  uric  acid,  leaving  the  purine 

>  I(  albumin  is  present,  the  urine  should  be  heated  to  boiling,  acidified  with  acetic  acid, 
and  filtered, 

*  The  lolal  volume  of  urine  for  the  twenty-four  hours  should  be  sufficiently  diluted  nith 
water  to  make  the  total  volume  of  the  solution  1600-20C0  c.c. 

»  A  solution  containing  50  grams  of  Kahlbaum's  commercial  sodium  bisulphite  in  100 

'The  exact  atmmnt  dependinR  upon  the  content  of  the  purine  biases. 

*This  is  made  by  saturating  a  i  per  cent  solution  of  sodium  hydroxide  wilb  hydrogen 
sulphide  gas  and  adding  an  equal  volume  of  i  per  cent  sodium  hydroxide. 

Ordinarily  the  addition  of  30  c.c.oflhissclution  is  sufficient,  but  the  presence  of  an  excess 
of  sulphide  should  be  prmtn  by  adding  a  drop  of  lead  acetate  to  a  drop  of  the  solution.  Under 
these  conditions  a  dark  brown  color  will  show  the  presence  of  an  excess  of  sodium  sulphide. 
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bases  in  solution.  Filter  off  the  precipitate  of  uric  add,  using  a  small 
filter  p>aper,  and  wash  the  uric  acid,  with  water  made  acid  with  sulphuric 
add,  until  the  total  volume  of  the  original  filtrate  and  the  wash  water 
aggregates  75  c.c.  Determine  the  nitrogen  content  of  the  predpitate  by 
means  of  the  Kjeldahl  method  (see  p.  401),  and  calculate  the  uric  add 
equiN-alent.' 

Render  the  filtrate  from  the  uric  add  cr>*stals  alkaline  with  sodium 
hydroxide,  add  acetic  acid  until  faintly  add  and  heat  to  70°  C.  Now 
add  I  c.c.  of  a  10  per  cent  solution  of  acetic  add  and  10  c.c.  of  a  sus- 
pension of  manganese  dioxide-  to  oxidize  the  traces  of  uric  add  which 
remain  in  the  solution.  Agitate  the  mixture  for  one  minute,  add  10  c.c. 
of  the  sodium  bisulphite  solution*  and  5  c.c.  of  a  10  per  cent  solution  of 
copper  sulphate  and  heat  the  mixture  to  boiling  for  three  minutes.  Filter 
off  the  predpitate,  n-ash  it  with  hot  water,  and  determine  its  nitrogen 
content  by  means  of  the  Kjeldahl  method  (see  p.  401).  Inasmuch  as  the 
composition  and  proportion  of  the  purine  bases  present  in  urine  b  \'ariable, 
no  factor  can  be  applied.  The  result  as  regards  these  bases  must  there- 
fore be  expressed  in  terms  of  nitrogen- 
Benedict  and  Saiki^  rqx>rt  cases  in  which  the  Mai  purine  nitrogen 
by  this  m^od  was  less  than  the  uric-add  nitrogen  as  determined  by 
the  FoUn-Shaffer  method.  The  inaccurac>'  was  found  to  lie  in  the 
Eriiger  and  Schmidt  method.  To  ob\-iate  this  they  ad\-ise  the  addition 
of  20  c.c.  of  glacial  acetic  add  for  each  300  c.c.  of  urine  em^^oyed,  the 
add  being  added  before  the  first  predpitatioo. 

3.  Salkowsfci's  Mediod. — Place  400-600  c.c.  of  protein-free  urine 
in  a  beaker.  Introduce  into  another  beaker  30-50  c.c.  of  an  ammoni- 
acal  silver  solution*  with  30-50  c.c.  of  magnesia  mixture,*  add  some 
ammonium  hydroxide  and  if  necessary  some  ammonium  chloride  to 
dear  the'soluiion.  Xow  add  this  solution  to  the  urine,  stirring  con- 
tinually nith  a  glass  rod.  and  allow  the  mixture  to  stand  for  one-half 
hour.  Collect  the  predpitate  on  a  filter  paper,  wash  it  with  dilute 
ammonium  hydroxide,  and  finally  wash  it  back  into  the  original  beaker. 
Suspend  the  predpitate  in  6oo-Sgo  c.c.  of  water,  add  a  few  drops  of 
hydrochloric  acid  and  decompose  it  by  means  of  hydrogen  sulphide. 
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cient  ammoniacal  sUver  nitrate  solution'  added  to  make  the  total  vol- 
ume in  the  upper  chamber  loo  c.c.  The  precipitate  of  the  silver  com- 
pounds of  the  purine  bodies  should  be  pale  yellow.  Any  silver  chloride 
present  may  be  brought  into  solution  in  the  strong  ammoniacal  solu- 
tion by  the  repeated  inversion  of  the  purinometer.  In  case  the  chloride 
does  not  dissolve  it  should  be  brought  into  solution  by  the  addition  of 
fiu-ther  ammonium  hydroxide.  Place  the  purinometer  in  a  dark  room 
for  twenty-four  hours  and  at  the  end  of  this  time  read  the  volume  of  the 
purine  precipitate.  Interpolate  the  value  in  terms  of  purine  nitrogen  by 
means  of  the  following  table: 

Precipitate  Purine  nitrogen 

c.c.  per  cent 

(grams  in  too  c.c) 

4 0.0078 

S 0.C097 

6 0-0"7 

7 0.0136 

8 0.0156 

9 o.oijs 

10 0.018s 

" 0.019s 

II... o.oaos 

'3 0.OJ18 

'4 o-oa»s 

>S 0.O1J4 

18 o.oiCs 

ig ■  ■ 0.0170 

~ °°m 

ii 0.0*83 

12 o.oa86 

13 0.0199 

34 0.0311 

'S 0.031S 

Calculation. — Multiply  the  purine  nitrogen  percentage  by  the  total 
volume  of  urine  and  divided  by  100  to  obtain  the  total  purine  nitrogen 
value.  For  example,  if  the  precipitate  was  found  to  be  13  c.c,  and  the 
total  volume  of  the  twenty-four-hour  urine  was  1300  c.c.  the  calculation 
would  be  as  follows: 

I2C.C.  =0.0205  per  cent  purine  nitrogen. 
0.0205X13.0=0.2665  gram  purine  nitrogen, 

XXH  Allantoin.* 

Paduschka-nodeiiiill-Eleiner  Methcd. — To  50-100  c.c.  of  urine 
in  a  beaker  add  basic  lead  acetate  until  no  more  precipitate  forms. 

'  This  solution  has  the  following  formula: 

Silver  nitrate 1  gram 

-Ammonium  hydroxide  (sp.  gr.  0.90) 100  c.c. 

Talcum 5  grams 

Distilled  water 100  c.c. 

'  A  much  more  accurate  method  has  been  devised  by  Wiechowski  iBiechemiKht  Zeit- 
scMrifl,  iQ,  368,  1909). 
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Filter  and  pass  hydrogen  sulphide  gas  through  an  aliquot  portion  of  the 
filtrate  to  remove  the  excess  of  lead.'  Filter  again,  drive  off  the  hydrogen 
sulphide  by  heat  and  treat  an  aliquot  portion  of  the  tiltrate  with  a  ro  per 
cent  solution  of  alver  nitrate  until  precipitation  is  complete.*  Filter  off 
this  precipitate,  wash  it  with  water  and  determine  its  nitrogen  content  by 
means  of  the  Kjeldahl  method  (see  p.  401).  This  is  the  "purine  nitro- 
gen." Render  an  aliquot  portion  of  the  filtrate  faintly  alkaline,*  with 
a  I  per  cent  solution  of  ammonium  hydroxide  and  add  50-100  c.c.  of  a  10 
per  cent  solution  of  silver  nitrate.  If  allantoln  be  present  a  white, 
Socculent  precipitate  will  form  and  gradually  sink  to  the  bottom  of  the 
solution.  FUter,  wash  the  precipitate  free  from  ammonium  hydroxide 
by  means  of  a  i  per  cent  solution  of  sodium  sulphate  and  determine  its 
nitrogen  content  by  the  Kjeldahl  method  (see  p.  401). 


XXm.  Oxalic  Acid. 

Salkowski-Autemieth  and  Barth  Metiiod.— Place  the  twenty- 
four-hour  urine  specimen  in  a  precipitating  jar,  add  an  excess  of  calcium 
chloride,  render  the  urine  strongly  ammoniacal,  stir  it  well,  and  allow 
it  to  stand  18-20  hours.  Filter  off  the  precipitate,  wash  it  with  a  small 
amount  of  water  and  dissolve  it  in  about  30  c.c.  of  a.  hot  1$  per  cent 
solution  of  hydrochloric  acid.  By  means  of  a  separatory  funnel  extract 
the  solution  with  150  c.c.  of  ether  which  contains  3  per  cent  of  alcohol, 
repeating  the  extraction  four  or  five  times  with  fresh  portions  of  ether. 
Unite  the  ethereal  extracts,  allow  them  to  stand  for  an  hour  in  a  flask, 
and  then  filter  through  a  dry  filter  paper.  Add  5  c.c.  of  water  to  the  fd- 
trate,  to  prevent  tlie  formation  of  diethyl  oxalate  when  the  solution  is 
heated,  and  distil  off  the  ether.  If  necessar>-,  decolorize  the  liquid  with 
animal  charcoal  and  filter.  Concentrate  the  filtrate  to  3-5  c.c,  add  a 
little  calcium  chloride  solution,  make  it  ammoniacal,  and  after  a  few 
minutes  render  it  slightly  add  with  acetic  acid.  Allow  the  acidified 
solution  to  stand  several  hours,  collect  the  precipitate  of  calcium  oxalate 
on  a  washed  filter  paper,*  wash,  incinerate  strongly  (to  CaO),  and  weigh 
in  the  usual  manner. 

Cfl^«^a/(ow.— Since  56  parts  of  CaO  are  equivalent  to  90  parts  of 
oxalic  acid,  the  quantity  of  oxalic  acid  in  the  volume  of  urine  taken 
may  be  determined  by  multiplying  the  weight  of  CaO  by  the  factor 
1.607 1. 

'  In  the  original  method  of  Paduschka  siidium  sulphate  is  ustil  (or  this  |iur|>wii:. 

•  Ordinarily  from  Jo-.jo  c.c.  is  rcquircii. 

'  Usiinf!  Litmus  as  the  indicator. 

'  Schleicher  and  Schillt,  Xo.  589,  is  satisfactory. 
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XXIV.  Total  SoUds. 

t.  Drying  Method. — Place  5  c.c.  of  urine  in  a  wei^ied  shallow 
dish,  addify  very  slightly  with  acetic  add  (1-3  drops),  and  dry  it  in 
vacuo  in  the  presence  of  sulphuric  add  to  constant  weight.  Calculate 
the  percentage  of  solids  in  the  urine  sample  and  the  total  solids  for  the 
twenty-four-hour  period. 

Practically  all  the  methods  the  technique  of  which  includes  evapo- 
ration at  an  increased  temperature,  either  under  atmospheric  conditions 
or  in  vacuo,  are  attended  with  error. 

Shackell's  method'  which  entails  the  vacuum  desiccation  of  the  frozen 
sample  is  extremely  satisfactory  and  should  be  used  in  all  biological  woik 
where  the  greatest  accuracy  b  desired. 

2.  CBlculation  by  Long's  CoefiEdent — The  quanUty  of  solid  material 
contained  in  the  urine  excreted  for  any  twenty-four-hour  period  may 
be  approximately  computed  by  multiplying  the  second  and  third  decimal 
figures  of  the  spedhc  gravity  by  3.6  This  gives  us  the  number  of  grams 
of  solid  matter  in  i  liter  of  urine.  From  this  value  the  total  solids  for 
the  twenty-four-hour  period  may  easily  be  determined. 

Calculation. — If  the  volume  of  urine  for  the  twenty-four  hours  was 
II20  c.c.  and  the  specific  gravity  1.018,  the  calculation  would  be  as 
follows: 

(d)  16X2.6=46.8  grams  of  solid  matter  in  i  liter  of  urine. 

,,,     46.8X1120  r       i-j  .  ■  I        ■ 

(0)  =52.4  grams  of  soud  matter  m  1120  c.c.  of  unne. 

Long's  coeffident  was  determined  for  urine  whose  specific  gravity 
was  taken  at  25°  C.  and  is  probably  more  accurate;  for  conditions  obtain- 
ing in  America,  than  the  older  coeffident  of  Haeser,  2.33. 

'Shackell:  American  Journal  of  Physiolofy.  n,  jaj,  ipog. 
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QUANTITATIVE  ANALYSIS   OF  MILK,  GASTRIC  JUICE,  AND 
BLOOD. 

(a)  Quantitative  Analysis  of  Milk. 

1.  Specific  Gravity.^This  may  be  determined  conveniently  by  means 
of  a  SoxWet,  Veith,  or  Quevenne  lactometer.  A  lactometer  reading  of 
32"  denotes  a  specific  gravity  of  1.032.  The  determination  should  be 
made  at  about  60°  F.  and  the  lactometer  reading  cor- 
rected by  adding  or  subtracting  0.1°  for  every  degree  F. 
above  or  below  that  temperature. 

Fat  (a)  Babcock's  Centrifugal  Method. — The  princi- 
ple of  this  method  is  the  destruction  of  organic  matter 
other  than  fat  by  sulphuric  acid  and  the  centrifugation 
of  the  acid  solution  in  the  special  tube  shown  in  Fig. 
134  and  the  subsequent  reading  of  the  percentage  of  fat 
by  means  of  the  tube's  graduated  neck.  The  method  is 
one  of  the  most  satisfactory  in  common  use  and  is 
accurate  to  within  0.5  per  cent.  Proceed  as  follows 
By  means  of  a  special  narrow  pipette  introduce  miik 
into  the  tube  up  to  the  s  c.c.  mark.  Now  add  sufficient 
sulphuric  acid  (sp.  gr.  1.83-1.834)  to  fill  thebodyof  the 
tube  and  rotate  the  tube  to  secure  a  homogeneous  acid- 
milk  solution.  Fill  the  neck  of  the  tube  with  an  acid- 
atcohol  mixture.'  Centrifuge  the  tube  and  contents  for 
one  to  two  minutes  and  read  off  the  percentage  of  fat  by 
means  of  the  graduated  neck  of  the  tube.  If  the  top 
of  the  fat  column  is  not  at  zero  it  may  be  brought  there 
by  the  addition  of  water  and  a  moment's  recentrifugation. 

In  case  very  rich  milk  (over  5  per  cent  fat)  is  under 
examination,  it  may  be  diluted  with  an  equal  volume 
of  water   before   examination   and   the   fat  percentage  Fio.  134.— Hab 
multiplied  by  2.     In  the  examination  of   cream   it   is      ^^^     ^'^" 
customary  to  dilute  the  sample  with  four  volumes  of  water  and  multiply 
the  resultant  fat  value  by  5. 

2.  Fat.^(6)  Quantitative  Dttermination  of  Fat  in  Milk  by  the  Meigs' 

'  This  mixture  consLsls  of  equal  volumes  of  amyl  alcohol  and  conccnuated  hydrochloric 


'  Original  (inticr  by  Dr.  Anhu 


V.  Meigs  in  Phiiailtlpkia  Medical  Times,  July 
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Method  with  Modification  and  Improved  Apparatus  by  Croli} — The  method 
as  stated  by  Dr.  Meigs  is;  Approximately  lo  c.c,  of  milk  is  carefully 
weighed  and  transferred  to  an  ordinary  loo  c.c.  glass-stoppered  graduated 
cyUndcr.  Twenty  c.c.  each  of  distilled  water  and  ether  (0.720)  are 
addwl.  ihe  ground-glass  stopper  tightly  inserted  in  the  bottle,  and  the 
whole  shaken  vigorously  for  five  minutes. 
Then  the  bottle  is  carcfidiy  unstoppered, 
20  c.c.  95  per  cent  alcohol  added,  the 
stopper  reinserted  and  again  shaken  for 
five  minutes.  The  bottle  is  now  placed 
i  1   Tl      **"  ^  table  and  the  contents  will  separate 

1  'In      '"'■'-'   "-^^   distinct   strata,    the   upper  of 

L  iji  \    i      ^'hich   contains   practically   all    the   fat. 

I  I     ll  I     >      This  stratum  is  carefully  removed  by  a 

■  I     '  K  I  ""I      s'Tiiih  pipette  and  transferred  to  a  carefully 

\  \  ^^^BH      weighed  glass  evaporating  dish.     The  thin 

^^^^*  ether  layer  remaining  is  washed  by  the 
addition  of  5  c.c.  of  ether.  This  is  re- 
moved by  pipetting  off.  This  washing  is 
repeated  four  times.  On  each  addition 
the  sides  of  the  bottle  should  (jarefully  be 
washed  down  by  the  fresh  ether.  Finally, 
the  pipette  is  rinsed  with  a  little  ether. 
The  evaporating  dish  with  contents  is  now 
placed  on  a  safety  water-bath  and  the  ether 
evaporated.  The  drying  is  continued  in  a 
hot-air  oven  at  a  temperature  below  100° 
C.  and  finally  completed  in  a  desiccator  to 
constant  weight. 

Croll's  modification  consists  of  subse- 
quent repeated  exttaction  of  the  end- 
product  of  evaporation  with  absolute  ether.  The  combined  extracts 
are  filtered  and  the  small  filter  paper  is  washed  repeatedly  with  absolute 
ether.  The  combined  extracts  and  washings  are  evaporated  and  dried 
as  before  and  then  weighed. 

The  piece  of  apparatus  shown  in  Fig.  135.  above  was  also  devised 
by  Croll  to  do  away  with  the  use  of  the  pipette.  On  dosing  the  top 
with  a  finger  and  blowing  into  the  mouth-piece,  the  upper  stratum  is 
forced  out  into  the  dish.  The  bottle  is  washed  by  simply  pouring  the 
ether  into  the  tube.  This  lessens  the  possibility  of  accidental  loss. 
'  The  accuracy  of  themethod  compared  with  that  of  the  Soxhiet method, 
'  Private  Communication. 


— CuoLt's  Fat  AppAJtAftts. 
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using  the  paper-coil  modification  and  extracting  until  fresh  portions  of 
absolute  ether  gave  no  further  trace  of  extractive  material,  is  shown  by 
the  average  difference  on  twelve  samples  of  human  milk  being  only  0.017 
per  cent  less  than  by  the  Soxhlet  and  on  seven  samples  cow's  milk  beii^ 
only  0.019  P^"*  '^^^^  '^ss.  The  extreme  differences  in  case  of  the  human 
milk  were— 0.004  per  cent  and— 0.044  per 
cent  and  in  case  of  the  cow's  milk— 0.006 
per  cent  and  —0.068  per  cent. 

(c)  Adams'  Paper-coil  Method.— JatTo- 
duce  about  5  c.c.  of  milk  into  a  small 
beaker,  quickly  ascertain  the  weight  to 
centigrams,  stand  a  fat-free  coil'  in  the 
beaker,  and  incline  the  vessel  and  rotate 
the  coU  in  order  to  hasten  the  absorption 
of  the  milk.  Immediately  upon  the  com- 
plete absorption  of  the  nulk  remove  the 
coil  and  again  quickly  ascertain  the 
weight  of  the  beaker.  The  difference  in 
the  weights  of  the  beaker  at  the  two 
weighings  represents  the  quantity  of  milk 
absorbed  by  the  coil.  Dry  the  coil  care- 
fully at  a  temperature  below  100°  C.  and 
extract  it  with  ether  for  3-5  hours  in  a 
Soxhlet  apparatus  (Fig.  136,  p.  437). 
Using  a  safety  water-bath,  heat  the  flask 
containing  the  fat  to  constant  weight  at  a 
temperature  below  100°  C. 

Calculation.- — Divide  the  weight  of  fat, 
in  grams,  by  the  weight  of  milk,  in 
grams.  The  quotient  is  the  percentage 
o/"/!!;  contained  in-the  milk  examined.  *''' 

(d)  Approximate  Determituilion  by  Feser's  Lactoscope. — Milk  is  opaque 
mainly  because  of  the  suspended  fat  globules  and  therefore  by  means 
of  the  estimation  of  this  opacity  we  may  obtain  data  as  to  the  approximate 
content  of  fat.  Feser's  lactoscope  (Fig.  137)  may  be  used  for  this  purpose. 
Proceed  as  follows:  By  means  of  the  graduated  pipette  accompanying 
the  instrument  introduce  4  c.c.  of  milk  into  the  lactoscope.  Add  water 
gradually,  shaking  after  each  addition,  and  note  the  point  at  which  the 
black  lines  upon  the  inner  white  glass  cylinder  arc  distinctly  visible. 
Observe  the  point  on  the  graduated  scale  of  the  lactoscope  which  is  level 
with  the  surface  of  the  diluted  milk.    This  reading  represents  the  per- 

'  V'cr^'  satiaf actor}'  tM\\i  are  manufactured  by  Schleicher  and  Schlill. 
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centage  of  Jot  present  in  the  undiluted  milk.  Pure  milk  should  contain  at 
least  3  per  cent  of  fat. 

3.  Total  S(dids.' — Introdxice  2-5  grams  of  milk  into  a  vxighed  flat- 
bottomed  platinum  dish*  and  quickly  ascertain  the  weight  to  milligrams. 
Expel  the  major  portion  of  the  water  by  heating  the  open  dish  on  a  water- 
bath  and  continue  the  heating  in  an  air-bath  or  water  oven  at  97°-ioo''  C. 
until  the  weight  is  constant.  (If  platinum  dishes  are  employed  this  resi- 
due may  be  used  in  the  determination  of  ask  according  to  the  method  de- 
scribed below.) 

Calculation* — Divide  the  weight  of  the  residue,  in  grams,  by  the 
^~*\  weight  of  milk  used,  in  grams.     The  quotient  is  the 

percentage  of  solids  contained  in  the  milk  examined. 

4.  Ash. — Heat  the  dry  solids  from  2-5  grams  of 
milk,  obtained  according  to  the  method  just  given,  over 
a  very  low  flame*  until  a  white  or  light  gray  ash  is  ob- 
tained. Cool  the  dish  in  a  desiccator  and  weigh.  (This 
ash  may  be  used  in  testing  for  preservatives  according  to 
directions  on  ps^e  244.) 

5.  Proteins. — Introduce  a  known  weight  of  milk 
(5-10  grams  into  a  500)  c.c.  Kjeldahl  digestion  flask 
and  add  20  c.c.  of  concentrated  sulphuric  add  and 
about  0.2  gram  of  ce^per  sulphate.    Expel  the  major 

Fig,  137.— Feser's  portion  of  the  water  by  heating  over  a  low  flame  and 
Lactoscope.     finally  use  a  full  flame  and  allow  the  mixture  to  boil  1-2 
hours.    Complete  the  determination  according  to  the.  directions  given 
under  Kjeldahl  Method,  page  401. 

Co/cM/dd'fln.— Multiply  the  total  nitrogen  content  by  the  factor  6.37* 
to  obtain  the  protein  content  of  the  milk  examined. 

6.  Caseinc^en. — Mix  about  20  grams  of  milk  with  40  c.c.  of  a  sat- 
urated solution  of  magnesium  sulphate  and  add  the  salt  in  substance 
until  no  more  will  dissolve.    The  precipitate  consists  of  caseinogen 

'  Shackell's  method  for  the  vacuum  desiccation  of  frozen  preparations  may  be  used 
where  great  accuracy  is  desired  (see  American  Joutnal  of  Physiology.  S4.  315,  1909). 

'  Lead  foil  dishes,  costing  only  about  one  dollar  per  gross,  mate  a  very  satisfacrtory 
substitute  for  the  platinum  dishes. 

•  The  percentage  of  total  sihds  may  be  calculated  from  the  i pecificgraiily  And  ptretnta ft 
offal  by  means  of  the  foQowing  formula  which  has  been  proposed  by  Richmond: 

S  =  o.isL  +  r.2F-|-o.i4 
S-total  solid'. 
L  =  lactomeler  reading. 
F- fat  content. 

*  Great  rare  should  be  used  in  this  ignition,  the  dish  at  no  time  being  heated  above  ft 
faint  redness,  as  chlorides  may  volatilize. 

*  The  usual  factor  employed  for  the  calculation  of  protein  from  the  nitrogCD  coatent  is 
6.25  and  is  basc-d  on  the  assumpticn  that  proteins  cuniain  on  Ihe  aieragt  16  per  cent  of 
nitrogen.  This  special  factor  of  6.37  is  used  to  calculate  the  protein  content  from  the  tot»l 
nitrogen,  since  the  principal  protein  constituents  of  milt,  1.  c,  castinagcn  and  U  '  " 
contain  15.7  per  cent,  of  nitrogen. 
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admixed  with  a  little  fat  and  lacto-globuUn.  Kilter  t.^  the  itn\-iiutat«. 
wash  it  thoroughly  nith  a  satiirated  solution  of  niugne^uni  ^ut^thate,' 
transfer  the  biter  papa  and  precipitate  (o  a  Kjeldohl  (lij:c$tion  llask,  and 
detennine  the  nitrogen  content  according  to  the  directions  giwn  in  the 
previous  experiment. 

Calculation. — Multiply  the  lotai  Milrogfn  by  the  factor  o.,^;  to  obtain 
the  casein  content 

7.  Hait*B  CaseinogeD  Method.* — Introduce  10.  <;  c.c.  ttf  milk  into 
a  200  c.c.  Erlenmeyer  flask  and  add  75  c.c.  of  distillixl  water  and  i- 1.5 
C.C.  of  10  per  cent  acetic  add.'  Mix  the  contents  by  g)\ii)S  the 
flask  a  vigorous  rotary  motion.  The  precipitated  caseinogeu  is  m»w  fil- 
tered off  upon  a  9-11  cm.  filter  paper.*  Wash  out  the  adsorbed  and 
loosely  combined  acetic  acid  by  means  of  cold  water.  Continue  tlte  wash- 
ing of  both  the  aiseinogen  on  the  filter  and  that  adhering  to  the  ttosk,  until 
the  wash  water  has  reached  a  volume  of  at  least  3  <;o  c.c. 

Now  return  the  precipitate  and  paper  to  the  original  Krleiitneyer  lla.ik, 
add  75-80  c.c.  of  neutral  (carbon  dioxide-free)  water.  10  c,c.  of  N/10 
potassium  hydroxide  and  a  few  drops  of  phenolphthalein.  Stop]ior  the 
flask  and  shake  it  vigorously,  by  hand  or  machine,  until  the  lasi-iiiogcn 
has  been  brought  into  solution.'  Rinse  the  stopjH'r  witli  iiculnil  (iiirbon 
dioxide-free)  water  and  titrate  the  alkaline  caseinogen  solution  at  once 
with  N/io  hydrochloric  acid  until  there  is  a  disappearance  of  all  r«l 
color.' 

Calculation. — Subtract  the  correcte<l*  acid  reading  fn«n  the  10  c.c. 
of  alkali  used.  The  difference  is  the  percentage  of  caseinoj-en  in  the 
milk.  For  example,  if  it  takes  6.7  c.c.  of  N/io  hydrochloric  acid  to 
titrate  the  alkaline  solution  to  the  en<l  point  and  the  check  test  wuh 
equivalent  to  20  c.  c.  N/io  acid  the  cascinof^en  value  would  be  obtained 
as  follows: 

10— (6.7+o.2)=3.i  jMir  cent  caseinuKcii. 

8.  Lactalbiunin. — To  the  filtrate  ami  wiushings  from  thi;  dctemii- 

■  Preserve  the   filtrate  and  warhinfis  (or  the  dclcrmjiiutiun  <>(  lutlalbuinJii  (I'^xiit.  K>. 

'  Hart:  Javr   Biol.  Ckem..  6,  445.  niog. 

'  In  ficnf  ral  1 .5  c.c.  ol  acetic  acid  gives  a  ck-ur  HolultDn  whii  h  fillin  iiiirly  but  m  cuniiiti 
ally,  when  the  milk  han  a  low  ca^nof[en  value  it  jh  ailvJEiablr  id  um:  IrMtgiriii  aiid. 

<  'I  hi;  [irocess  of  filtration  may  \x  retarded  throUKh  I  he  |>ac:kiii){ »(  the  1  u-ritiou'*"  inwM 
upon  the  filler  paper.  In  thiv  cose  conduct  a  fine  ittri'sm  u(  lold  wairr  aKnltint  iTir  upjirr 
point  of  contact  of  filter  paper  and  caKcinogen.  Jly  ihin  m'-atin  thr  1  aneiiii>|{i^ti  prei  Ipi title 
is  loosened  and  gathers  In  the  apex  nf  the  filter.  J'hi!i  priHcIure  in  very  cwipritiul.  It  U 
not  necessary  to  remove  the  ca>einogen  which  ailhercs  to  Ihi;  interior  of  the  lltiHk. 

■Solution  is  indicated  by  the  disappearance  of  the  white  caseinogen  partldc*  whiih 
would  otherwise  settle  to  the  bottom  of  the  flask. 

*  A  check  tcM  thould  be  run  parallel  wilh  the  entire  determination.  ICvcn  with  (tpnial 
precautions  as  to  neutrality,  it  is  Kcncrully  found  that  an  aciil  check  of  o.j  o.j  r.c.  will  be 
obtained.     This  check  tittation  should  l>e  addtd  to  the  volume  of  uid  tucd  in  titration. 
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nation  of  caseinogen,  in  Experiment  6,  add  Alm£n's*  reagent  until  no 
more  precipitate  forms.  Filter  off  the  precipitate  and  determine  the 
nitrogen  content  according  to  the  directions  given  under  Proteins,  above. 

CoJcWo/mw.— Multiply  the  total  nitrogen  by  the  factor  6.37  to  obt^n 
the  lactalbumin  content. 

8.  Lactose. — To  about  350  c.c.  of  water  in  a  beaker  add  20  grams 
of  milk,  mix  thoroughly,  acidify  the  fluid  with  about  2  c.c.  of  10  per  cent 
acetic  acid  and  stir  the  acidified  mixture  continuously  until  a  flocculent 
precipitate  forms.  At  this  point  the  reaction  should  be  distinctly  acid 
to  litmus.  Heat  the  solution  to  boiling  for  one-half  hour,  filter,  rinse 
the  beaker  thoroughly,  and  wash  the  precipitated  proteins  and  the 
adherent  fat  with  hot  water.  Combine  the  filtrate  and  wash  water  and 
concentrate  the  mixture  to  about  150  c.c.  Cool  the  solution  and  dilute 
it  to  200  c.c.  in  a  volumetric  flask.  Titrate  this  sugar  solution  according 
to  directions  given  under  Fehling's  Method,  page  384. 

Calculation. — Make  the  calculation  according  to  directions  given  under 
Fehling's  Method,  p.  384,  bearing  in  mind  that  10  c.c.  of  Fehling's  soluticm 
is  completely  reduced  by  0.0676  grams  oj  lactose. 

(b)  Quantitative  Analysis  oi  Gastric  Juice. 

Toiler's  Method. 

This  method  is  much  less  elaborate  than  many  others  but  is  sufficiently 
accurate  for  ordinary  clinical  purposes.  The  method  embraces  the  volu- 
"  metric  determination  of  (i)  total  acidity,  (2)  combined  acidity,^  and  (3) 
free  acidity,  and  the  subsequent  caiculatioa  of  (4)  acidity  due  to  organic 
acids  and  acid  salts,  from  the  data  thus  obtained. 

Strain  the  gastric  contents  and  introduce  to  c.c.  of  the  strained 
material  into  each  of  three  small  beakers  or  porcelain  dishes.*  Label  the 
vessels  A ,  B,  and  C,  respectively,  and  proceed  with  the  analysis  according 
to  the  directions  given  below. 

1.  Total  Acidity.*— Add  3  drops  of  a  i  per  cent  alcoholic  solution 
of  phenolphthalein*  to  the  contents  of  vessel  A  and  titrate  with  N/io 
sodium  hydroxide  solution  until  a  faint  pink  color  is  produced  which 
cannot  be  deepened  by  further  addition  of  a  drop  of  N/io  sodium 
hydroxide.    Take  the  burette  reading  and  calculate  the  total  acidity. 

Calculation. — The  total  acidity  may  be  expressed  in  the  following  ways: 

'  Almfn's  reagent  may  be  prepared  by  dissolving  5  grams  of  tannin  in  140  c.c.  of  50  per 
cent  alcohol  and  adding  lo  c.c.  of  35  per  cent  acetic  acid, 

'  For  a  discus^on  m  combinrd  acid  see  chapter  on  Gastric  Digestion. 

•  Tf  sufiidont  gastric  juice  is  not  available  it  may  be  diluted  w-ilh  water  or  a  Einaller 
amount,  (.  g..  5  c.c.  taken  for  each  determination. 

'  This  includes  free  and  combined  add  and  add  salts. 

'  One  gram  of  phenol pbthalcin  dissolved  in  100  c.c.  of  95  P^r  cent  alcohol. 
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1.  The  number  of  cubic  centimeters  of  N/to  luiditim  liydnixltic 
solution  necessary  to  neutralize  ico  c.c.  of  KaHtrii:  juice, 

2.  The  weight  (in  grams)  of  sodium  hydroxide  neceHHury  lo  mnitriilixc 
100  c,c.  of  gastric  juice. 

3.  The  weight  (in  grams)  of  hydrochloric  acid  which  th<:  lolal  nciillly 
of  TOO  C.C.  of  gastric  juice  represents,  i.  e.,  percentage  of  hydr(H:hliirlr  itcld. 

The  forms  of  expression  most  frequently  employed  are  1  iinrl  ;\, 
preference  being  given  to  the  former. 

In  making  the  calculation  note  the  numlicr  of  cubic  ctmllmelirrtt  of 
N/io  sodium  hydroxide  required  to  neulralizc  10  cc.  of  tlin  ttanfrlj: 
juice  and  multiply  it  by  10  to  obtain  the  numlK:r  of  cubic  criit\mr.U-r* 
necessary  to  neutralize  100  c.c.  of  the  fluid.  If  it  i%  iUvariu\  ii>  Mjircwt 
the  addity  of  loc  c.c.  of  gastric  juice  in  tirrmii  of  hydrw.hloric  acid,  Uy 
weight,  multiply  the  value  just  obtained  by  o.oo.j^s,' 

2.  Combined  Acidi^.^— Add  3  drr;|>»  of  Hodium  niizurin  tni\ithi»nttf 
solution*  to  the  contents  of  vessel  B  and  titrate  with  S/io  nmiium  hy4ro» 
ide  solution  until  a  vioUl  color  is  pr<xluced.  In  tbit  titrali'^n  lim  rc/l  uiUif, 
which  ai^)ears  after  the  tinge  of  yclkjw  due  V*  ihi:  -MiUii'm  'A  i\u:  ttuYunUa 
has  disappeared,  must  Ix:  entirely  rt^ihuMl  \iy  a  diilirul  vu>Ut  *Mm 
Take  the  burette  reailing  and  caictilat«  th<:  umAntvA  m.viiiy. 

Cakvlatum. — Since  the  indicator  uvyf  r<si/,t*  t/*  all  »/.Uiii'm  rxtj^A. 
oimbined  addity,  in  order  \s>  determine  the  mimlfer  'A  'Ji\At.  ij:titimH*rt 
of  K/io  sodium  bydroxiije  luxoifiiuy  t/t  nK*itraliz^  iiw.  fy/minn^  vMily 
at  10  CjC.  of  the  gai^tric  juice,  we  oiu<  wMra/.t  tj»*;  l/«jr«fi.u  TtstAtn%  )wM 
obtained  from  the  burette  readJDi;  'AiistiTitA  in  f}i*:  'U:**rmiti»*'vai  *4  ih*: 
total  addity-  The  data  f'/r  100  c.c.  'A  ^catuv.  ;«k.*  m^y  t^  ij*lf.»lstiM 
acaxdin^  Vt  the  directi*'**  given  undw  'I  'Aaj  .StM't^.y.  \As/f.  4*'- 

3.  Fzee  Aodi^.*— Add  4  At'i^  'A  ^i-i:^h-.\-!atitt/ffia/ff^./^t*: 
fTgpfer's  reagent  vAutifXi^  Vt  the  'j/t.^^.'\  'A  tly:  v**«i  t,  wyj  *jtfkf^ 
villi  X  10  i/>ijum  hydr'/odit  >^AatifXi  -^u'i,  'Jit,  if.;*i*i  r*»;  '/mk  A  if^j^, 
by  Ichmd  -jtikri.^  Take  tJae  bw»At«  y»ai^-.-.4r  ».v:  'it^y^oif^.  ':*.  i*^ 
acidity. 

ir.  -.^.-Urij^.ert  «.rf  S  :.-:.  vr^/v.-.-.  r.^-t/vzJV  yu*;:  ^jT^z^a^ 

itt.    To  •irj!S7r.-l->»  'ill*:  -ii-'A  I'.*  .-vi  -, ■•  '-e  jr*'.--'*-  ;v>a  yK-r^pr,  *.v/^/; 
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4.  Acidity  Due  to  Organic  Adds  and  Add  Salts. — This  value 
may  be  conveniently  calculated  by  subtracting  the  number  of  cubic 
centimeters  of  N/io  sodium  hydroxide  used  in  neutralizing  the  contents 
of  vessel  C  from  the  number  of  cubic  centimeters  of  N/io  sodium  hydrox- 
ide solution  used  in  neutralizing  the  contents  of  vessel  B.  The  remainder 
indicates  the  number  of  cubic  centimeters  of  N/io  sodium  hydroxide 
solution  necessary  to  neutralize  the  acidity  due  to  organic  adds  and 
add  salts  present  in  10  c.c.  of  gastric  juice.  The  data  for  100  c.c.  of 
gastric  juice  may  be  calculated  according  to  directions  given  under 
Total  Addity,  page  440. 

(c)  QuantitatiTC  Analysis  of  Blood. 

For  the  methods  involved  in  the  quantitative  examination  of  blood 
see  Chapter  XU. 
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Almen's  Reagent.' — Dissolve  s  grams  of  tannin  in  240  c.c.  of  50  per 
cent  alcohol  and  add  10  c.c.  of  25  per  cent  acetic  add. 

Ammoniacal  Silver  Solution.*— Dissolve  26  grams  of  silver  nitrate 
in  about  500  c.c.  of  water,  add  enough  ammom'um  hydroxide  to  redis- 
solve  the  precipitate  which  forms  upon  the  first  addition  of  the  ammonium 
hydroxide  and  make  the  volume  of  the  mixture  up  to  i  Uter  with  water. 

Amold-Ltpliaws^  Reag^it.* — This  reagent  consists  of  two  definite 
solutions  which  are  ordinarily  preserved  separately  and  mixed  just  before 
using.    The  two  solutions  are  prepared  as  follows: 

(a)  One  per  cent  aqueous  solution  of  potassium  nitrate. 

(b)  One  gram  of  ^-amino-acetophenon  dissolved  in  100  ex.  of  distilled 
water  and  enough  hydrochloric  add  (about  2  c.c.)  added  drop  by  drop,  to 
cause  the  solution,  which  is  at  first  yellow,  to  become  entirely  colorless. 
.\n  excess  of  acid  miist  be  avoided. 

Barfoed's  Solution.* — Dissolve  4.5  grams  of  neutral,  crystallized 
copper  acetate  in  100  c.c.  of  water  and  add  1.2  c.c.  of  50  per  cent  acetic 
add. 

Baryta  Mixture.* — A  mixture  consisting  of  one  volume  of  a  saturated 
solution  of  barium  nitrate  and  two  volumes  of  a  saturated  solution  of 
barium  hydroxide. 

Basic  Lead  Acetate  Solution.* — This  solution  possesses  the  following 
formula: 

Lead  acetate 180  grams. 

Lead  oxide  (Litharge) no  grams. 

Distilled  water  to  make 1000  grams. 

Dissolve  the  lead  acetate  in  about  700  c.c.  of  distilled  water,  with  boiling. 
Add  this  hot  solution  to  the  finely  powdered  lead  oxide  and  boil  for  one- 
half  hour  with  occasional  stirring.  Cool,  filter  and  add  sufficient  dis- 
tilled water  to  the  filtrate  to  nuike  the  weight  one  kilogram. 

Benedict's    Solutions.^ — First    Modijkation. — Benedict's    modified 

*  Oil's  precipitation  test,  p.  aq.     Determination  of  laclatbumin,  p,  435, 
'  Salkowski's  method,  page  430, 

'  Arnold-Lipliawsky  reaction,  page  349. 

*  Barfoed's  lest,  pages  36  and  331. 

*  Isolation  of  urea  from  urine,  page  »87. 

*  Indican  ilelcrminalion,  page  41'j. 

'  Benedict's  modifications  of  Fehling's  test,  pages  32S  and  319,  and  Benedict's  Method 
No.  I,  page  385, 
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Fehling  solution  consists  of  two  definite  solutions — a  copper  sulphate 
solution  and  an  alkaline  tartrate  solution,  which  may  be  prepared  as 
follows: 

Copper  sulphate  solution=;^^.6^  grams  of  copper  sulphate  dissolved 
in  water  and  made  up  to  500  c.c. 

Alkaline  tartrate  soltUion=  100  grams  of  anhydrous  sodium  carbonate 
and  173  grams  of  Rochelle  salt  dissolved  in  water  and  made  up  to 
100  c,c. 

These  solutions  should  be  preserved  separately  in  rubber-stoppered 
bottles  and  mixed  in  equal  volumes  when  needed  for  use.  This  b  done 
to  prevent  deterioration. 

Second  Modification. — Very  recently  Benedict  has  further  modified 
his  solution  and  has  succeeded  in  obtaining  one  which  does  not  deteriorate 
upon  long  standing.     It  has  the  following  composition: 

Copper  sulphate 17.3  grams. 

Sodium  citrate 173.0  grams. 

Sodium  carbonate 100.  o  Rrams. 

Distilled  water  to  make  1  liter. 

With  the  aid  of  heat  dissolve  the  sodium  citrate  and  carbonate  in  about 
600  c.c.  of  water.  Pour  (through  a  folded  fiiter  paper  if  necessary)  into 
a  glass  graduate  and  make  up  to  850  c.c.  Dissolve  the  copper  sulphate 
in  about  100  c.c.  of  water  and  make  up  to  150  c,c.  Pour  the  carbonate- 
citrate  solution  into  a  large  beaker  or  casserole  and  add  the  copper 
sulphate  solution  slowly,  with  constant  stirring.  The  mixed  solution  is 
ready  for  use  and  does  not  deteriorate  upon  Itjng  standing. 

Benedict's  solution  as  used  in  the  quantitative  determination  of  sitgar 
{Method  No.  i)  consists  of  three  separate  solutions,  the  two  mentioned 
imder  First  Modification  and  in  addition  a  potassium  (erro-tkiocyanate 
solution.  This  solution  contains  15  grams  of  potassium  ferrocyanide, 
62.5  grams  of  potassium  thiocyanate  and  50  grams  of  anhydrous  sodium 
carbonate  dissolved  in  water  and  made  up  to  500  c.c.  In  pr^)aring  the 
Benedict's  solution  for  quantitative  work  the  three  solutions  mentioned  are 
combined  in  equal  parts. 

Benedict's  Sugar  Reagent  (Method  Ko.  2).' 

('oppcr  sulphate  (crystallized) iS.o  grains. 

Sodium  carbonate  (crystallized,  one-half  the  weight  of 

the  anhydrous  salt  may  be  used) —   aoo.o  grams. 

Sodium  or  potassium  citrate 200.0  grams. 

Potassium  thiocyanate 115.°  grams.  ^ 

Potassium  ferrocyanide  (5  per  cent  solution} 5.0  c.c. 

DistiQcd  water  to  make  a  total  volume  of 1000,0  c.c. 

With  the  aid  of  heat  dissolve  the  carbonate,  citrate  and  thiocyanate 
incnoughwatertomakeaboutSooc.c.ofthemixture  and  filter  if  necessary. 

'  Quanlitativc  delerminalion  of  sugar,  page  385. 
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Dissolve  the  copper  sulphate  separately  in  iihout  too  I'.c.  <i(  wutcr 
and  pour  the  solution  slowly  into  the  other  li(iui<i,  with  ninslnnt  Hlirrinu. 
Add  the  ferrocyajiide  solution,  cool  and  dilute  to  exurtly  i  liler.  Of  tin- 
various  constituents,  the  copper  salt  only  need  be  weinlied  with  exixhicHH. 
Twenty-five  cubic  centimeters  of  the  reagent  are  rcduted  by  ^o  niK.of 
glucose. 

Bial's  Reagent' 

Orcinot ,  .        I .  S  K""""- 

FuminR  HCI Soo.no  ncattn. 

Ferric  chloride  (lo  per  ceni) ">  ao    ilropii. 

Benedict's  Su^dmr  Reagent 

Cr>-slatli£ed  copper  nitrate,  sulphur-fri-r  or  <i(  Itnowii  mil 

phur  content ino  Htiim*. 

Sodium  or  potassium  chlorate 5n  ni»m». 

Distilled  water  to loco  i  .r. 

Kack's  Reagent* — Made  by  dissHlving  5  KramH  of  ferric  rliloridi: 
and  0.4  gram  of  ferrous  chloride  in  ico  c.c.  of  water. 

Blood  Serum. — This  may  easily  be  obtained  in  (juantity  tiy  llii: 
procedure  described  under  Hemagglutination  in  thir  chapter  on  lilood. 

Boas*  Reagent'— Dissolve  5  grams  of  nrsortino]  and  ,{  gramH  of 
sucrose  in  100  c.c.  of  50  per   cent  alcohol. 

Btmnano^B  Reagent— Dissolve  2  grams  of  sodium  iiilrilc  in  100 
c.c.  of  concentrated  hydrochloric  acid. 

Bottu's  Reagent^To  .5.5  grams  of  £»-nitro|th«-(iyl|»ropioli<  .iiid 
add  5  c.c.  of  a  freshly  prepared  10  [it-r  Lent  solulion  of  vxliiim  hyAn/x'uUi 
and  make  the  volume  of  the  solution  one  liter  with  disvlillird  wal<-r. 

Combined  Hydrochloric  Add  ^Protein  Salt)^  'f  o  pn-fi-'f  *"  <iill<-d 
(ombined  hydr<xhloric  acid  simply  add  a  viluble  proUriii  -.ijUi  a-,  Wiiii-S. 
peptone  to  free  hydrothlrjric  add  of  th':  de-iir'rd  sto-u'/}\\  until  it  no 
longer  resprjnd*.  to  free  add  tests  '-jW:  i,hapU;r  on  (ih-.U'u.  ifiy,'r-:t'fittj 
For  example,  if  0,2  per  tent  omibined  a/id  i-,  r':'')'jirMl  tb*:  f>r<inn  ■A'/'ild 
loe  adde)j  U>  C-2  per  cent  free  hydr'x.hlorir.  a/Jd. 

Strictly  .sp^akin;;  there  is  no  -soch  thinjf  a^  ijjTiA/W.'i  wv\  in  tbi>. 
i*nse.  When  the  protein  i^  added  a  proUin  -.'ilt  'A  »f-':  wi'!  (■.  i'»!swA 
which  ionize  diferentlv  from  the  free  a'  id 

Congo  Red-'— Djijiir^lve  '..  r  ^rarr,  'A  -ja.}!'-  ^•■''.  ir.  '/,  -  '     ■-:  rr^^t-r 

CroM  and  Beran's  Reagent-  ''./,'. Ur.e  t-^'/  ;«r*>   ',:'  '.'-;.":.'.-4*«; 
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Ehrlich's  Diazo  Reagent' — Two  separate  solutions  should  be  pre- 
pared and  mixed  in  definite  proportions  when  needed  for  use. 

(fl)  Five  grams  of  sodium  nitrite  dissolved  in  i  liter  of  distilled  water, 
(A)  Five  grams  of  sulphanilic  acid  and  50  c.c.  of  hydrochloric  add  in 
I  liter  of  distilled  water. 

Solutions  a  and  b  should  be  preserved  in  well-stoppered  vessels  and 
mixed  in  the  proportion  i :  50  when  required.  Green  asserts  that  greater 
delicacy  is  secured  by  mixing  the  solutions  in  the  proportion  i  :  100. 
The  sodium  nitrite  deteriorates  upon  standing  and  becomes  unfit  for 
use  in  the  course  of  a  few  weeks. 

Esbach's  Reagent ^^ — Dissolve  10  grams  of  picric  acid  and  20  grams 
of  citric  acid  in  i  liter  of  water. 

Feliluig*S  Solution.* — Fehling's  solution  is  composed  of  two  definite 
solutions — a  copper  sulphate  solution  and  an  alkaline  tartrate  solution, 
which  may  be  prepared  as  follows: 

Copper  sulphate  solution =;i4.65  grams  of  copper  sulphate  dissolved 
in  water  and  made  up  to  500  c.c. 

Alkaline  tartrate  solution  =12^  grams  of  potassium  hydroxide  and 
173  grams  of  Rochelle  salt  dissolved  in  water  and  made  up  to  500  c.c. 

These  solutions  should  be  preserved  separately  in  rubber-stoppered 
bottles  and  mixed  in  equal  volumes  when  needed  lor  use.  This  is  done 
to  prevent  deterioration. 

Ferric  Alum  Solution.* — A  cold  saturated  solution. 

Folin-Shafifer  Reagent' — This  reagent  consists  of  500  grams  of  am- 
monium sulphate,  5  grams  of  uranium  acetate,  and  60  c.c.  of  10  per 
cent  acetic  add  in  650  c.c,  of  distilled  water. 

Furfurol  Solution.' — Add  i  c.c,  of  furfurol  to  1000  c,c.  of  distilled 
water. 

Gallic  Acid  Solutitm.' — A  saturated  alcoholic  solution. 

Gies*  Biuret  Reagent — This  reagent  consists  of  10  per  cent  KOH 
solution  to  which  enough  3  per  cent  CuSO^  solution  has  been  added 
to  impart  a  slight  though  distinct  blue  color  to  the  clear  Uquid.  The 
CuSOi  should  be  added  drop  by  drop  with  thorough  shaking  after 
each  addition. 

Guaiac  Solution.^ — Dissolve  0.5  gram  of  guaiac  rean  in  30  c.c. 
of  95  per  cent  alcohol. 

■  Ehrlich's  diazo  reaction,  page  35(1. 

•  Esbach's  method,  page  383. 

•  Fehling's  meihod.  page  384.     Fehling'i  lest,  pages  31  and  317. 
'  Volhard-Arnold  method,  page  41Q. 

'  Folin-Shaffer  method,  pOKC  389, 

•  Mylius's  modification  of  I'ettonkofer's  lest,  pages  164  and  344.  v,  Udrinsky's  test, 
pages  164  and  344. 

'  Gallic  add  teat,  page  143. 

'  Guaiac  test,  pages  186,  200  and  240. 
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GUnzbeTg*s  Reagent' — Dissolve  3  grams  of  phlon^t^Iucinol  and  i 
gram  of  vanillin  in  too  c.c.  of  95  per  cent  alcohol. 

HammaiBten'e  Reagent *-^Mix  i  volume  of  35  i>vr  ceni  nitrir 
aci(l  and  ig  volumes  of  ssper  cent  hydrochloric  acid  and  add  i  \'olun)v 
of  tlus  add  mixture  to  4  volumes  of  95  per  cent  alcohol.  It  is  prefer- 
able that  the  acid  mixture  be  prepared  in  advance  and  allowed  to  aUtnd 
until  yellow  in  color  before  adding  it  to  the  alcohol. 

^Lyem's  Solution. — This  solution  has  the  following  forn\ulu: 

Mercuric  chloride o.  15  Rmmn. 

Sodium  chloride o.j    gtnmn. 

Sodium  sulphate i .  j    K'oniR, 

Distilled  water 100,0    Kramn. 

Hopkins-Ode  Reagent.*— To  one  liter  of  a  saturate<l  solution  of 
oxalic  add  add  60  grams  of  sodium  amalgam  and  allow  the  mixlun^ 
to  stand  until  the  evolution  of  gas  ceases.  Filter  the  dilute  with  3-  ,t 
volumes  of  water. 

Hopkins-Cole  Reagent  (Benedict's  Modification).-  'Jen  gromn 
of  powdered  magnesium  are  placed  in  a  large  Erlcnmeyer  flaHk  and 
shaken  up  with  enough  distilled  water  to  liberally  cover  the  magneniiim. 
Two  hundred  and  fifty  cubic  centimeters  of  a  cold,  saturated  solution 
of  oxalic  add  is  now  added  slowly.  The  reaction  proceeds  very  rapidly 
and  with  the  liberation  of  much  heat,  so  that  the  flask  shoul*!  be  cooluil 
under  running  water  during  the  addition  of  the  acirl.  The  contiintH 
of  the  flask  are  shaken  after  the  addition  of  the  la.it  jiortion  of  the  odil 
and  then  poured  upon  a  filter,  to  remove  the  insoluble  magnesium  oxalate. 
A  little  wash  water  is  poured  thro\igh  the  filter,  the  filtrate  acidifieil  with 
acetic  add  to  prevent  the  partial  predpitation  of  the  magneiiium  on  long 
standing,  and  made  up  to  a  liter  with  distilled  water.  1'his  solution 
contains  only  the  magnesium  salt  of  glyoxyllc  add. 

Hypobnnnite  S(dution.* — The  ingrctlienLs  of  this  lolution  should 
be  prepared  in  the  form  of  two  separate  solutions  which  may  l>e  united 
as  needed. 

(a)  Dissolve  125  grams  of  sodium  bromide  in  wat<;r,  a^ld  125  gramii 
of  bromine  and  make  the  t*»tal  volume  of  the  solution  i  liter. 

(b)  A  solution  of  so<iium  hydroxide  having  a  »|>e(ifu:  gravity  of 
1.25.     This  is  approximately  a  22.5  i»er  ixnt  solution. 

Preser\-e  both  solutions  in  rubber-stopiiered  txiltlcs  and  when  nwwiwi 
for  use  mix  one  volume  of  solution  a.  one  vulume  of  s'dulion  f>,  and  % 
volumes  of  water. 

iT«t  f'.r  irtr:  add.  paee  130. 

'  HopiLir.'-''.'>ie  rira'.tion,  ;<i^  '/:. 

'McUiod^  i'lt  'letErmi&ati'>n  'A  jn*   ■.ro.-f  -■,' 
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Iodine  Sdution.' — Prepare  a  2  per  cent  solution  of  potassium  iodide 
and  add  sufficient  iodine  to  color  it  a  deep  yellow. 

Iodine-Zinc  Chloride  Reagent^' — Dissolve  20  grams  of  zinc  chloride 
in  8-5  c.c.  of  water.  Cool,  and  introduce  iodine  solution  (3  grams  KI+ 
1.5  gram  I  in  60  c.c,  of  water)  drop  by  drop  until  iodine  begins  to  pre- 
cipitate. 

JoUes*  Reagent '^ — Thb  reagent  has  the  following  composition: 

Succinic  acid 40  grams. 

Mercuric  cMoride 20  grams. 

Sgdium  chloride 10  grams. 

Distilled  water 1000  grama. 

Kantor  and  Gies'  Biuret  Paper,* — Immerse  filter  paper  in  Gies' 
Biuret  Reagent  (p.  99)  then  dry  and  cut  into  strips. 

Kraufs  Reagent.^ — Dissolve  272  grams  of  potassium  iodide  in 
water  and  add  80  grams  of  bismuth  subnitrate  dissolved  in  300  grams 
of  nitric  acid  (sp.  gr.  1.18).  Permit  the  potassium  nitrate  to  crystallize 
out,  then  filter  it  off  and  make  the  filtrate  up  to  i  liter  with  water. 

Lugol's  Solution.* — Dissolve  4  grams  of  iodine  and  6  grams  of  potas- 
sium iodide  in  100  c.c.  of  distilled  water. 

Magnesia  Mixture.'- — Dissolve  175  grams  of  magnesium  sulphate 
and  350  grams  of  ammonium  chloride  in  1400  c.c.  of  distilled  water. 
Add  700  grams  of  concentrated  ammonium  hydroxide,  mix  thoroughly, 
and  preserve  the  mixture  in  a  glass-stoppered  bottle. 

MiUrai's  Reagent. ^^ — Digest  i  part  (by  weight)  of  mercury  with 
2  parts  (by  weight)  of  nitric  add  (sp.  gr.  1.42)  and  dilute  the  resulUng 
solution  with  2  volimaes  of  water. 

Molisch's  Reagent* — A  15  per  cent  alcoholic  solution  of  a-naphtbol. 

Molybdic  Solution.^* — Molybdic  solution  is  prepared  as  follows, 
the  parts  being  by  weight 

Molybdic  add i  part. 

Ammonium  hydroxide  (sp.  gr.  0.96) '  . .  .     4  parts. 

Nitric  acid  (sp.  gt.  1.2) 15  parts. 

Moreigne's  Reagent" — Combine  20  grams  of  sodium  tungstate, ' 

'  Iodine  test,  page  50. 

'  .\myloid  formation,  p.  54. 

'  Jolles'  reaction,  pages  105  and  334. 

'  Protein  tests,  p.  332. 

'  Rosenheim's  bismuth  test  for  choline,  page  173. 

'  Gunning's  iodoform  rest,  pafje  346,  and  Bardach's  reaction,  page  101. 

'  Sodium  hydroxide  and  potassium  nitrate  fusion  method  for  determination  of 
total  phosphorus,  paRe  414. 

*  Mil  Ion's  reaction,  page  97. 

'  MoHseh's  reaction,  page  17. 

'"  Sodium  hydroxide  and  [>otassium  nitrate  fusion  for  determination  of  total  phos- 
phorus, page  414. 

"  Moreigne's  reaction,  page  393. 
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lo  grams  of  phosphoric  acid  (sp.  gr,  r.13)  and  100  c.c.  of  water.  ■  Boil 
the  mixture  for  twenty  minutes,  add  water  to  make  the  volume  of  the 
solution  equivalent  to  the  original  volume,' and  acidify  with  hydrochloric 
acid. 

Mbmer's  Reagent*^ — Thoroughly  mix  i  volume  of  formalin,  45 
volumes  of  distilled  water,  and  55  volumes  of  concentrated  sulphuric 
acid. 

Nakayama's  Reagent^—  Prepared  by  combining  99  c.c.  of  alcohol 
and  I  c.c.  of  fuming  hydrochloric  acid  containing  4  grams  of  ferric 
chloride  per  liter. 

NessleT-Winkler  Solution. 

Mercuric  iodide lo  grams. 

Potassium  iocUde S  grams. 

Sodium  hydroxide ao  f^rams. 

Water : 100  c.c 

The  mercuric  iodide  is  rubbed  up  in  a  small  porcelain  mortar  with 
water,  then  washed  into  a  flask  and  the  potasdum  iodide  added.  The 
sodium  hydroxide  is  dissolved  in  the  remaining  water  and  the  cooled  solu- 
tion added  to  the  above  mixture.  The  solution  cleared  by  standing  is 
preserved  in  a  dark  bottle. 

Neutral  Olive  OiL' — Shake  ordinary  olive  oil  with  a  10  per  cent 
solution  of  sodium  carbonate,  extract  the  mixture  with  ether,  and  remove 
the  ether  by  evaporation.    The  residue  is  neutral  olive  oil. 

Nylander*s  Reagent.* — Digest  2  grams  of  bismuth  subnitrate  and 
4  grams  of  Rochelle  salt  in  100  c.c.  of  a  10  per  cent  solution  of  potas- 
sium hydroxide.    The  reagent  should  then  be  cooled  and  filtered.  - 

Obermayer's  Reagent.* — Add  2-4  grams  of  ferric  chloride  to  a 
liter  of  hydrochloric  acid  (sp.  gr.  1.19). 

Oxalated  Plasma. '—Allow  arterial  blood  to  run  into  an  equal  voltmie 
of  0.2  per  cent  ammonium  oxalate  solution. 

Para-dimethylaminobenzaldehyde  Solution.^ — This  solution  is  made 
by  dissolving  5  grants  of  para-dimethylaminobenzaldehyde  in  100  c.c. 
of  10  per  cent  sulphuric  add. 

Para-phenylenediamine  Hydrochloride  Solution.' — ^Two  grams 
dissolved  in  100  c.c.  of  water. 

Phenolphthalein.' — Dissolve  i  gram  of  phenolphthalein  in  100  c.c. 
of  95  per  cent  alcohol. 

'  MCmer's  test,  page  gi. 

'  Nakayama's  reaction,  pages  i6i  and  34J. 

'  Emulsification  oF  fats,  page  143. 

•  Nylander's  test,  pages  34  and  330. 

•  Obcrmaycr's  test,  pane  299. 

•  Experiments  on  blood  plasma,  page  114. 

'  Ilerlcr's  para-dimcthylaminobenzatdehyde  reaction,  page  176. 

•  Detection  of  hydrogen  peroxide,  page  144. 

•  TOpter's  method,  page  440. 
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Phenylhyhiazine  Mixture.' — This  mixture  is  prepared  by  com- 
bining I  part  of  phenylhydrazine-hydrochloride  and  2  parts  of  sodium 
acetate  fry  weight.    These  are  thoroughly  mixed  in  a  mortar. 

Phenjdhydrazine-acetate  Solution.^— This  solution  is  prepared  by 
mixing  I  volume  of  glacial  acetic  add,  i  volume  of  water,  and  2  volumes 
of  phenylhydrazine  (the  base) . 

Purdy's  Solution.' — Purdy's  solution  has  the  following  composition; 

Copper  sulphate 4-7S'  pams. 

Potassium  nydronde 13.$     grams. 

Ammonia  (U.  S.  P.,  sp.  gi.  0.9) 3So.o      ce. 

Glycerol 38.0      c.c. 

Distilled  water,  to  make  total  volume  i  liter. 

Roberts*  Reagent*^ — Mix  i  voliune  of  concentrated  nitric  add 
and  5  volumes  of  a  saturated  solution  of  magnesium  sulphate. 

Rosenheim's  lodo-Potasshun  Iodide  Solution.^— Dissolve  2  grams 
of  iodine  and  6  grams  of  potassium  iodide  in  100  c.c.  of  water. 

Salted  Hasma.^ — Allow  arterial  blood  to  run  into  an  equal  vol- 
ume of  a  saturated  solution  of  sodium  sulphate  or  a  10  per  cent  solu- 
tion of  sodium  chloride.  Keep  the  mixture  in  the  cold  room  for  about 
24  hours. 

Schiffs  Reagent' — This  reagent  consists  of  a  mixture  of  three 
volumes  of  concentrated  sulphuric  acid  and  one  volume  of  10  per  cent 
ferric  chloride. 

Schweitzer's  Reagent. ^—Add  potasdum  hydroxide  to  a  solution 
of  copper  sulphate  which  contains  some  ammonium  chloride.  Filter 
off  the  precipitate  of  cupric  hydroxide,  wash  it,  and  bring  3  grams  of 
the  moist  cupric  hydroxide  into  soluUon  in  a  liter  of  20  per  cent  ammo- 
nium hydroxide. 

Seliwanoff's  Reagent.^ — Dissolve  0.05  gram  of  resordnol  in  100 
C.C.  of  dilute  (i :  2)  hydrochloric  acid. 

Sherni^;ton's  Solution. '"^This  solution  possesses  the  following 
formula : 

Methylene- blue o.i  gram. 

Sodium  chloride 1.1  grams. 

Neutral  potassium  oxalate .  r  .  i  grams. 

Distilled  water , .  so^-*  grams. 

Sodium  Acetate  Solution." — Dissolve  100  grams  of  sodium  acetate 

'  phenyl  hydrazine  reaction,  pages  i8  and  314. 
'  Phenylhydrazinc  reaction,  pages  28  and  324. 

*  Purdy's  methods,  page  387. 

*  Rchcrls'  ring  test,  |iages  104  and  334. 

*  Rosenheim's  periodide  test,  page  373. 

*  Experiments  on  blood  plasma,  page  114 
'  Schiff's  reaction,  pages  166  and  373. 

*  Schweitzer's  solubility  test,  page  54. 

'  SeliwanofT's  reaction,  pages  40  and  356. 
'""Blood  counting,"  page  234. 
"  Uranium  acetate  method,  page  413. 
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in  Soo  C.C.  of  distilled  water,  add  100  c.c.  of  30  per  cent  acetic  acid  to  the 
solution,  and  make  the  volume  of  the  mixture  up  to  i  liter  with  distilled 
water. 

Sodium  Alizarin  Su^dumate.' — Dissolve  i  gram  of  soditun  aliza- 
rin suiphonate  in  100  c.c.  of  water. 

Sodium  Sulphide  SolutioiL^ — Saturate  a  i  per  cent  solution  of 
sodium  hydroxide  with  hydrogen  sulphide  gas  and  add  an  equal  volume 
of  I  per  cent  sodium  hydroxide. 

Solera's  Test  Paper.* — Saturate  a  good  quaUty  of  filter  paper  with 
0.5  per  cent  starch  paste  to  which  has  been  added  sufficient  iodic  add 
to  make  a  i  per  cent  solution  of  iodic  add  and  allow  the  paper  to  dry 
in  the  air.     Cut  it  in  strips  of  suitable  size  and  preserve  for  xxse. 

Spiegler's  Reagent.* — This  reagent  has  the  following  composition: 

Tartaric  add . , .  ?c  grams. 

Mercuric  chloride. 40  grama. 

Glycerol icc  grams. 

Distilled  watei 1000  siams. 

Standard  Ammonium  Thiocyanate  Solution.^ — This  solution  is 
made  of  such  a  strength  that  i  c.c.  of  it  is  equal  to  i  c.c.  of  the  standard 
silver  nitrate  solution  mentioned  below.  To  prepare  the  solution  dissolve 
12.9  grams  of  ammonium  thiocyanate,  NH4SCN,  in  a  little  less  than  a 
liter  of  water.  In  a  small  flask  place  20  c.c.  of  the  standard  silver  nitrate 
solution,  5  c.c.  of  a  cold  saturated  solution  of  ferric  aliun  and  4  c.c.  of 
nitric  acid  (sp.  gr,  1.2),  add  water  to  make  the  total  volume  100  c.c,  and 
thoroughly  mix  the  contents  of  the  flask.  Now  ran.  in  the  ammonium 
thiocyanate  solution  from  a  burette  untU  a  pennanent  red-brawn  tinge  is 
produced.  This  is  the  end-reaction  and  indicates  that  the  last  trace 
of  silver  nitrate  has  been  precipitated.  Take  the  burette  reading  and 
calculate  the  amotmt  of  water  necessary  to  use  in  diluting  the  ammonitim 
thiocyanate  in  order  that  10  c.c,  of  this  solution  may  be  exactly  equal 
to  10  c.c.  of  the  silver  nitrate  solution.  Make  the  dilution  and  titrate 
again  to  be  certain  that  the  solution  is  of  the  proper  strength. 

Standard    Silver  Nitrate    Solution.* — Dissolve    29.042    grams   of 

silver  nitrate  in  i  liter  of  distilled  water.     Each  cubic  centimeter  of  this 

solution  is  equivalent  to  o.oi  gram  of  sodium  chloride  or  to  0.006  gram 

of  chlorine. 

Standard  Uranium  Acetate  Solution.^ — Dissolve  about  34  grams  of 

'  T6|i(cr'3  method.  paKC  44c. 

'  KrilRiT  and  Schmidt's  melhoii,  paRes  391  and  419. 
'  Siik-ra's  reaction,  p»Re  64. 
'  Sj)if);]er's  rinj;  test,  paRcs  104  and  ,134. 

'  Volhard-.Vrnold  melhoii.  pane  419,  and  Dehn-Clark  method,  page  417. 
*  Viilhard- Arnold  method,  page  419,  Mnhr'smctbod,  page  41S,  and  Dehn-Clark  method, 
paRc  417. 

'  Uranium  acetate  method,  page  413. 
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uranium  acetate  in  i  liter  of  water.  One  ex.  of  such  a  solution  should  now 
be  made  equivalent  to  0.005  gram  ofPiOs,  phosphoric  anhydride.  It 
may  be  standardized  as  follows:  To  50  c.c.  of  a  standard  solution  of 
disodium  hydrogen  phosphate,  of  such  a  strength  that  the  50  c.c.  con- 
tains o.  I  gram  of  PjOs,  add  5  c.c.  of  the  sodium  acetate  solution  men- 
tioned on  p.  450  and  titrate  with  the  uranium  solution  to  the  correct 
end-reaction  as  indicated  in  the  method  proper  on  p.  413.  Inasmuch  as 
I  c.c.  of  the  uranium  solution  should  precipitate  0.005  gram  of  PjOs, 
exactly  20  c.c.  of  the  uranium  solution  should  be  required  to  precipitate 
the  50  c.c.  of  the  standard  phosphate  sohition.  If  the  two  solutions  do 
not  bear  this  relation  to  each  other  they  must  be  brought  into  the  proper 
relation  by  diluting  the  uraniimi  solution  with  distilled  water  or  by  in- 
creasing its  strength. 

Starch  Iodide  Solutfon.' — Mix  o.i  gram  of  starch  powder  with 
cold  water  in  a  mortar  and  pour  the  suspended  starch  granules  into  75-100 
c.c.  of  boiling  water,  stirring  continuously.  Cool  the  starch  paste,  add 
20-25  grams  of  potassium  iodide  and  dilute  the  mixtine  to  50  c.c.  This 
solution  deteriorates  upon  standing,  and  therefore  must  be  freshly  pre- 
pared as  needed. 

Starch  Paste.' — Grind  2  grams  of  starch  powder  in  a  mortar  with  a 
small  amoimt  of  water.  Bring  200  c.c.  of  water  to  the  boiling-point  and 
add  the  starch  mixture  from  the  mortar  with  continuous  stirring.  Bring 
again  to  the  boiling-point  and  allow  it  to  cool.  This  makes  an  approxi- 
mate I  per  cent  starch  paste  which  is  a  very  satisfactory  strength  for 
general  use. 

Stokes'  Reagent.' — A  solution  containing  2  per  cent  ferrous  sulphate 
and  3  per  cent  tartaric  acid.  When  needed  for  use  a  small  amount  should 
be  placed  in  a  test-tube  and  ammonium  hydroxide  added  until  the 
precipitate  which  forms  on  the  first  addition  of  the  hydroxide  has  entirely 
dissolved.  This  produces  ammonium  ferrotarirate  which  is  a  reducing 
agent. 

Suspension  of  Manganese  Dic^ide.^^ — Made  by  heating  a  0.5  per 
cent  solution  of  potassium  permanganate  with  a  littie  alcohol  until  it  is 
decolorized. 

Tanret's  Reagent' — Dissolve  1.35  grams  of  mercuric  chloride  in 
25  c.c.  of  water,  add  to  this  solution  3.32  grams  of  potassium  iodide 
dissolved  in  25  c.c.  of  water,  then  make  the  total  solution  up  to  60  c.c. 
with  distilled  water  and  add  20  c.c.  of  glacial  acetic  acid  to  the  mixture. 

I  Feh line's  method,  page  384. 

'  Fehling's  method,  page  3S4. 

'  Hemoglobin,  page  3i6.     Hajmochromogen,  page  319. 

*  Krtiger  and  Schmidt's  method,  pages  391  and  4^9. 

°  Tanret's  test,  pages  104  and  334. 
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TinctUTe  of  Iodine.' — Dissolve  70  grams  of  iodine  and  50  grams  of 
potassium  iodide  in  i  liter  of  95  per  cent  alcohol. 

Toison's  Solution.' — This  solution  has  the  following  formula: 

Methyl  viokt  o.ojs  gram. 

Sodium  chloride. i.o      gram. 

Sodium  sulpha le 8.0      grams. 

Glycerol  30,0      grama. 

Distilled  water 160  c      grams. 

Topfer's  Reagent.  * — Dissolve  o .  5  gram  of  di-methylaminoazobenzene 
in  100  C.C.  of  95  per  cent  alcohol. 

TropflEOlin  OO.* — Dissolve  0.05  gram  of  tropxolin  00  in  100  C.C. 
of  50  per  cent  alcohol. 

Uffelmann's  Reagent. '^-Add  a  5  per  cent  solution  of  ferric  chloride 
to  a  I  per  cent  solution  of  carbolic  acid  until  an  amethyst-blue  color  is 
obtained. 

'  Smith's  test,  pages  163  and  343. 
'"Blood  counting,"  page  Ji4. 
*  T&pfcr's  method,  page  440. 
'  Test  for  tree  add.  [lagc  130. 
'  Uffelmann's  reaction,  page  136. 
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